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FOREWORD 


In August 1997. NASA ^xmsored a 3-<tay wtxfcshop to assess dte {Ht)^cU emergteg from physics that 
may eventually tead to creating propulsiofl breakthroughs—the kind of breakthroughs that could 
rev(dutioiiize space flight and en^>le human voyages to othe^ stau sy^ms. Experiments Md theory were 
bussed repnttng die coopting of gravity mi dectroeiagnetisn. vacuwn fluctuation Mer^. warp drives 
and wonnhdes, and superhinunal quantum tinneiiog. Because the proputskm goals are presum^y flu 
flom fruition, a special emphasis was to identify affordable, near-term, and credible research tasks that 
couki make measunMe progress toward diese grind ambidons. This worksht^ w« one of the first steps 
for the new NASA Bteduhrough Propulsion Physics propam led by t*ie NASA Lewis Research Center. 
This program is funded out of the Advanced Space *Ilransportatkn ^^am. managed by Marshall Space 
Flight Center. 

Ihe workshop, held in Ctevehmd. Ohio, featured 14 invited prescnbuions about emerging physics (bodi 
t^Ximistic and pessimistic viewpoiiHs), 30 pcKter papers for provoking dioi^ht. and 6 parallei bre^out 
seskms udim pmicipants gcnesuted a Hst rd 9S cudidate next-stq> lesearch ta^. 

In total. 84 panicqiaiits attended the workshop, mdudiaf 26 ftmn imhisuy. 18 from universities. 12 from 
government Mk (including Los Alamos, Oak Rid^. Fermi. Brookhaven, md the Air Force Resench L^ 
^ Edwards and Kiitlaad). 16 from NASA (including Lewis, Langley, Mwdiall. Johnson, and the Jet 
P^Hilskm Leixuaiory). Twelve students also aoended. 

Several research ^^irwKlies were Minified (hiring this workdiop di« serve k examines of ^otdidtle. 
near-tetm, »id credible tasks rtiat could make meastuabie progress toward diese grand andHtkms. The next 
is to continue the exchange of infonnmion among^ interested researdiers and to s^k the funding 
necesswy to sufpoit r»«rch. 

Mac G. Millis 

NASA Lewis Research Center 
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ABSTRACT; 

General Relativity offers in principle the tantalizing possilnlity of using the pr<^)eities of spacetime in which 
spacetime is locally flat, but not globally so in order to allow one to apparently circumvent the constraints of 
special relativity cm both the global spe^ of moving objects wito resp^ to a distant set of inertial observers 
aid also on the nature of energy in empty space. However, in spite of these tantalizing questions of 
principle, circumventing special relativity invariably requires matter which violates the weak, dominant, and 
strong energy conditions in general relativity. While it is quite possible that such material cannot be even be 
created on maaoscopic scales, general arguments suggest that even if it were realizable, the energy 
requiremmits daunt those associated with any fotm of pn^nilsion i»sed on nwmal relativistic {vopellaits. 
Moreover, arguments based on cmisality dmnonstrate that as far as practical space travel is concerned, me 
can never op»atiooally travel faster titan light, if the experinumtal seuqi time is included. Finally, the energy 
whidi might be extracted from the vacuum is in gener^ infmitesrnally small, and in any case is generically 
less than the energy input required. These argunents suggest that even if the use of spacetime for 
propellantless {»'opulsk>n is not impossible in {u-inciple, it is likely to be useless in practice. 


INTRODUCTION: 


Into'est in the possibility of using spacetime fm- imqiolsira purposes steins from three facts; 


<1) The Rocket equation, which in its nonielativistic fom can be written 


(M -h P)/M =e 


AV/C 


where the quantity (Hi the left band side is the ratio of the vehicles weight including propellant to the vehicle’s 
dry weight, and AV is the desired vekKity change of the loctiiet, while C is the propellant exhaust velocity, 
implies that to travel at relativistic frnal velocities, either an astronomical amount of fuel is needed, or a 
propellffiit traveling at light speed is required. 


(2) Special Relativity requires V< C, while interstellar travel in a single human lifetime (for a distant 
observer) requires V > C. 


(3) General Relativity implies that flat space intuition is incorrect in curved space. Thus, for example, the 
requirement (2) refers to l(x:al quantities, but not global quantities. As a result, global veliKities greater than 
the speed of light are possible. An example is an Inflationary Universe (i.e. See Linde 1990), in which a non¬ 
zero vacuum energy density (VEV), given by = Ag^^ during the early universe leads to a period of 
exponential expansion, where distant objects, locally at rest with respect to the expansion move at relative 
speeds which exceed C. 


As a result, numerous suggestions have been made for utilizing spacetime, including so-called Warp Drive, 
and extraction of Casimir energy. I shall now describe why these ideas are impotent. 



WARP DRIVE: THE LEAST BANG FOR YOUR BUCK: 


In 1994 it was shown (Alcubierre 1994) that a metric could be written down which was a solution of Einstein's 
equations, and in which the properties of Warp Drive on Star Tr:k (Kranss 199S) appeared to possible: 
superliminal travel with no time dilation. Akubierre’s metric has the fonn 

ds^= -dt^ + (dx -v^rpdi)* + rfy* -- dz^ 

wber V represents the velocity of the bubble containing a spacecraft, and / represents a function of finite 
sui^t which essentially produces an expansion of space behi^ the spacecraft and a contraction behind it. 

Alcubierre recognized that this metric involved an energy dens ty t" < 0, which violates the weak and 
dominant energy conditions. Inis is similar to the requirement demonstrated by Morris and Thome (Moms 
and 'nxMite 1988) that traversable wormholes require that the negative of the radial pressure exceed the energy 
density for the material holding the wormhole open. Normal classical matter d^ not have this property, 
although vacuum fluctuations can. Thus, the question becomes whether these kinds of exotic matter can tw 
created in the laboratory, and if they can, at what cost. 

In spite of the potential this idea bolds out, two practical results suggest it cannot lead to viable methods of 
space travel. 

(1) Recently Pfenning and FtMd (Pfetming md Ftmi 1997) have utilized qunatum in^uality restrictions on 
negative enmrgy density mmetial to examine how large a practical warp bubUe regkm is possiUe. They 
discovered that the negative en^gy material muri be confined to a thin shell on the outskirts of the bubbk 
(moving with v^x:ity v) with thickness 100 v Lp, where Lp is the Plandc Loigd). As a result, the uaai 
energy required to maintain this cooiiguratioD for a bubble of radius Ris, in leading ajqHOximation: 

3 A 

For a macroscpic bubble, of say 100 meters, this implies an energy requirement roughly 10 orders of 
magnitude greater than the total mass of the entire visible univtfse 

(2) Even if the daunting energy requirements could be met, causality arguments imply that to travel 20 light 
years will always require at least 20 years. This point has not beer stressed in the literature to my knowledge, 
until recently (Krauss 1997). Hie reasoning is simple. In order to obtain the metric of Alcubierre, space must 
be filled with the proper configuration of energy. In order to dt this, so that distant space knows when to 
contract, one must at the very least send a sign^ throughout the i pace to be warped. Thus, while the actual 
period of expansion and contraction can be arbitrarily fast, the scum time for the experiment is always such 
that the net result is that one cannot travel between two points fas er than the speed of light from the moment 
one decides to do the travellitig. 


VACUUM ENERGY: MUCH ADO ABOUT NOTHING 

The fact that vacuum fluctuations exist in empty space has cause 1 interest in mining the vacuum for energy. 
There are two ways to do this: (a) If the vacuum has a non-zero t nergy density, this can be directly extracted 
via a phase transition, (b) by changing boundary conditions, s(> that the specuum of vacuum fluctuations 
varies, one might can produce either non-zero forces, or non-zer> radiation from the vacuum. Unfommately 
these ideas are not efficient, for (he following reasons. 

(1) The Casimir energy is EXTREMELY small. Between perfec Jy conducting parallel plates, the change in 
vacuum energy produced by excluding certain vacuum modes leadi to a force per unit area of approximately: 


F - -2-7 

240 



wtcre a is the disuuice between the places, and h/2it =c =1 in these units. For macroscc^ plates, this force 
is is so sm^l as to be useless for precision of macroscopic masses, not to mention the specif requirem^ts to 
tiiiiize this force. 

(2) The ^tper limit on the vm^uum energy density of the Universe wbidi can be extracted on large scales. 
OMiies fnna a limit on the Cosmological Coosumt (Krauss 1997), of approximately (lO-^ eV)^. In order H> 
levitate an average size human being in the emth's gravii^iooal field with this energy density wooM require 
liberaiiRg the encigy in a cuImc volume the size of Manhattan. 

(3) Utilizing spacMime curvature is vasUy mefneiem. znsiein's Equation:(7^.= inG implies, because of 
the smallness of G, that the energy requuemenis to produce a curvatuie which might allow either Hawking 
radiation, or a Boguliubov transformation which would yield significani non-zero energy in a distant flat 
reference frame is incre«'‘*’iv large. Namely, the input energy reqihred to produce the curvature always is 
greater dian or equal to tuo energy which which cat. be so exhacted. Again, the energy requkemeots are 
generally far larger than those associated with merely imptuting a kinetic energy to an o^ect comparable to 
its rest mass (i.e. to obtain relativistK velocities) via pn^ulsion. 

CONCLUSIONS 

Gmietal Relativity makes (xrtair. questions of ptinciple exuemely mteresiing, including: can one manufacnire 
negative energy configurations on macroscopic scalu which might allow iqiparemly superlumioal travel, time 
travel, or observable energy frmn the vacuum? While these issues are of great inmrest for our fimdaffiental 
physical understanding of the universe, they do not lead to practical methods of space travel with the kiiid of 
resenvees accessible in our civtUz^ion for the forseeable fiMure. The ntergy mjuiiements ALWAYS exceed 
those reqttkemaits associated with propulsion. As a result, propellantless prc^ulSHHi, to the extent it is not 
ruled out by the laws of physics, nevolhetess seems to be a gross waste of money in gfacticc for realistic 
space travel at this time. 
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QnaaiMm theoty pndfeta. aad cxpcfimemi verify, ttat co^ty apecc (the vacnam) cootaiat a* caonBOna 
■csidDal hackfpauad caetfy kncNva ai aao-poial eaerty (ZPE). Orifiaaliy dioiiglit 10 he of liipiincaace 
oidy for mck caoteric coaocnia as amaU peftatbarioM 10 atomic cmiarion processes, it is now known lo 
play a cole in la^-acalc phenomena of interest to tcchaologtsu m well, such as the iahibiuon <d 
^pon ta n e om e mi ss i on, the feaeiatioa of ahart-mi^ attractive forces (e.f., the Casimir force), and the 
poesihility of acooaniing for sonolnnunescenoe phenomena. ZPE topics of inietest for spaceflickt 
ap p lic ations nnfc from f i rnt fawnm l a l issnes (where docs inertia come from, can it be controlled?), through 
lafaorauvy Mcaspu to extract nseful energy from vacwmi (Inctiiaiioos (can the Zl^be "mined* for practical 
ase?).u>acmntifically-groiindedextiapotmioaBcoocctniiig "engineering the vacuum" (is "warp-drive* space 
propidaion a sdentific possibility?). ...ecent advrmces in research irtfo the physics of the underlying ZTC 
ituheam the possibilHy of potential application in all diese areas of interest. 


INTKODUCTION 

The concept "a^ueetiag dw vacnam" ivas firal iatiodnccd by Nobd Laureme T. D. Lee in his book 
Particle Ph^ics and liaroAiCtioii io FieU Theory. As sUicd there; The experimental method 10 alter the 
properties ct dw vacunm may he called vaemm engineeriag.... If inde«l we are able to alter the vacuum, 
then we may encounter some new phenomena, totally unexpected." Recent ex pe r ime n t s have indeed shown 
thisiobelbecase. 

With tepsd to qmce pnpnlsioo, die tpiestion of ci^ineeruig the vacuum can be put sncciacdy; "Can 
empty apnocilaelfpro^ the tolutkw?" ^apriaingly caongh. dicre are Ums that potential help may in 
fact emerge quite littrally ow of dw vaomm of so^jdled "enqiiy space." (>iantttm theory tells ns that 
empty space is not indy empty, but rather is the seel of myriad encrgmic quantum processes that could have 
profound iaqdications for fmure qwee travel. To u nd e rst a n d these imidicMiotu it will smvc us to review 
briefly the bistacical devdqxneat of die sdeniirtc view of what constinitts empty q»ce. 

At the time of die Greek phihMopben. Democritus argued dun empty apace was indy a void, otherwise 
there would not be room for the raotioo of atoms. Aristotle, on the other hand, argued equally forccfidly 
that what ^ipeared to be empty qiaoe was in fact a plenum (a background filled with stdistance), for did not 
heat aad li^t travel from place to place as if carried by some kind ^ medinm? 

Theargumeat wem back and forth through the ccmorics until finally codined by Maxwefl't theory of the 
luminiferous ether, a plenum that carried dectromagnetic waves, including light, much as water carries 
waves across its surface. Attcmpli to measure the properties of this ether, or to measure the Earth’s 
velocity through the ether (as in the Michelsoa-Moricy experiment), however, met with failure. With the 
rite of special relativiiy which did not require reference to such an undertytng substrate. Einsicia in 1905 
effectively bani s bed the ether in favor of the concept that empty space constitutes a true void. Ten years 
later, however. Einsieio's own devdopmeiu of the genend theory of relativity with its concept of emrved 
space aad distorted geometry forced him to reverse his stand and opt for a richly-endowed picnuni. under the 
new labd spacetime metric. 

It was the advent of modan quantum theory, however, that eataUisfacd (be quantum vacuum, so-called 
empty spnee. as a very active place, with particles arising and disappearing, a virtual plasma, and Adds 
ctmtinuously fluctuating abom their xero baseline values. The energy associated with such processes is 
called 2 cro-p(Hnt energy (ZPE), reflecting the fact dial such activity remains even at absoluic zero. 



THE VACUUM AS A POTENTIAL ENERGY SO JRCE 


At iu most fimdimeoul level, we now reo^nize thtf tbe q laotuoi vacuum is mi enonnous reservoir of 
iml^iped energy, wi^ energy denstiiescooscivaiivdy esiimaied by Fcynmas and others to be on tbe order 
of Budcm energy densities or grcnter. Tfaetd^ore. dw questiot », can the Z(^ be "mined* for practical use? 
If so. it would consdtttie a virtually iduquitous energy siqqi y, a veritable "Holy Grail" enngy source for 
space propuliioo. 

As utopian as mkA a possilMlity may seem. jbymdtH Rtriurt Forward m Hnglies Reseaidi Labomtorin 
demonsirated proof-of-principle in a paper puhliaiini in 15S4. "Extraciing Electrical Energy from the 
Vacuum by Cohesioo of Cbiei^ Foliated Cond u cte n ." Fotw-anfsiqiptQadiexplQiledaiAeaoiaeaattadlcd 
the Cruimir Effect, an attractive quantum force between doady-spaced metal {dates, named for its 
discovefer.H. G. B Casimir of PMps Ldbontories in the hkdicriandt. The Casimir force, recently 
measured with high Mcuracy by S. K. Lamoremtx at the U livenity of Wasfaii^ton. derives from partial 
sfaielrbng of the imerior region of the plates from the back.'toitial zero-poiirt fluctuatiou of the vacuum 
dectromagnetic field. As shown by Lrn Alamos theorist Mi omn nd his coUe^uea. this shielding results 
in the plates being pushed together by the unb ala n ced ZPE raebation pressures. Tbe reside is a coroUaiy 
convetsionaf vacuum energy to some othm-form sudi as best. Proof diat such a psocess violates neither 
energy nor tbennodynamic coastrairts cui be found in a paper by D. Cole and myself publitbed in 1993 
under tbe tide "Extracting Energy and Heat from the Vacuum." 

Attempts to harness the Casimir and related effects for v icuum energy coovetsioo are ongoing in our 
laboratory and elsewhere. The fact that iU potenlid iqipUcm on u> space piopulnon has not gone unnoticed 
by the Air Force can be seen in its request fm prtqwsals for the FY-1986 Defense SBIR Program. Under 
entry AF86-77, Air Force Rocket Propubion uioratory (AFRPL) Topic: NoH-Convention^ PropvUion 
Crmcepts we find the statemcm: "Bold, new non-conventitnal pre^sion concepts arc solicited.... Tbe 
spedfle areas in whidiAFRPL is interested include.... (6) E'otmic energy sources for propulsion indudtng 
ik zero poim qumum dynamic energy of vaamm qiace.* 

Sevoal expetimond foimais for t^ipii^ die ZPE for ptaeded use are imder investigatian in our Idxnuory. 
An early one of interest is based or die idea of a rarimir p nch effect in noo-neimal piasmas. basically a 
plasma eqnivdent of Forwanft dectromcchanical char{.ed-plale ooll^ne (nee PudsofT. 1990). 
underlying physcs is described in a pqier submitted for pcbiicadon by mysdf aod hi. Kestrtqi. and it is 
illustrative dim die first of several patents issued to a cmsidtant to our laboratory. K. R. Shoulders, 
contains the descriptive phrase"... energy is provided... and he idtimam source of this energy qipears to be 
the zero-point radiation of the vacuum continuum." 

Anotber intrigumg possibility is {xovided by the phennnen » of sonolwniaescence. bubUe coUrqne in an 
uluasooically-drivmi fliud which is accom p anied by intaae, sidMonosecood liglu radiatioa. Although the 
jury is still out as to tbe mechanism of light genemtion. Nobelist Jnlim Sefasvinger has argued for a 
Casimir intetpretaiion. Possibly related expetimonri cvideiioe for excess heat generation in ultrasoutcally- 
driven cavitation in heavy water is claimed in an EPRI Report by George and Stringham of E-Quest 
Scieoces, although attribiK^ to a nuclear inicro-fusi<Hi proc »s. Work is under way in our laboratory to see 
if diis claim can be replicaied. 

Yet another proposal for ZPE extraction is described in a patent issued to Mead and Nachamkin. The 
approach propose s the use of resonant didccttic spheres, sU^iMy detuned from each other, to provide a beat- 
frequency downshift of die more energetic tugb-fiequencyctmpQnents of the ZPE to a more easily captured 
form. We arc discussing the possibility of a crdla^ative i ffort between us to determine wbcdier such an 
approach is feasible. 

Hnally, an approach utilizing micro-cavity lechniquca to perturb the ground state stability of atomic 
bydto^ is un^ consideration in our lab. It is based on i 1987 paper of mine in which I pul forth tbe 
hypothesis that tbe nonradiative nature of the groimd state is due to a dynainic equilibrium in which 
radiatioo emitted due to accelerated electron ground state rr otion is compensated by absorption from the 
ZPE. if this hypothesis is true, there exists the potential)«- energy generation by the application of the 
techniques of soxalled cavity quantum electrodynamics (QED). In cavity QED. excited atoms are passed 
through Casimir-Iikc cavities whose structure suppresses dectromagnetic cavity modes at the traruition 
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ficqwacy betweeo die etom^ excited wd poiiiid stMes. The re^t ie ^ the •o-«aUed "apoatM C OtM* 
ouaiiOB liaK is iMtOetied oooiidmiUy (for exempte. by feckirt of tea), li^y becMse ipoataaeoBS 
cwaska is not so qxMlaaeaia after but father is ^vea by vacamfhidaiiioBS. SieuBate die modes, 
and yoodiiBiaate the zcro-poiotflticOnsiOQa of the iBodes.beaoeH|ifmtsiii{ decay of the excited stale. As 
staled ia ae A|iril 1993 SeietMfic Americm review article on cavity (^D. *An excited atom ^ woaid 
oidiaaiily eaiit a kMv-freqneiKy phoioa caoBOt do so. becanse these are no vaciwm (In^Mibaw to MimnlMe 
III cmitaiaa....* bi iu appUcMion to enerty feacradon. node topprenioB woidd be und to pemtib die 
hypoihesiaed dyaanac frouod-staie abaoiptioD/caiissiaa belanoe to lead to caeity leiease (petmi peodug). 

An exs^teia which Name hetactf nay have takea advantage of ciwrfrripvacaam effects is diicaisedai a 
modeip^AedbyZPEeollei^aea A. Rueeb of Odifiinia State Uaivcniiy at Long Beadi. B. HaischoT 
Lockhced-Mas^ and D. Cole of IBM. foapaperpeliliabediBtheAflriflpkysicnfyoaraaf in 199S. they 
profioae diat the vast reaefaea of oater apace cenaiiiiite an ideal eaviroaaaeat for ZPE accctetaiioo of nuclei 
and dan provide a atechaaina for *p(>wer>>V ttp” cosmic rays. Details of the modci would appear to 
acconat for other Observed phe nomen a as well, sudi as the fonaatica of coanic voids. This raises the 
pos^lity of ntiliaaf a *sid>-cosniic-iay* app ro ad i to accderate jaAom in a cryqgcaicaUy-cooled. 
ooUmoo-fiee vacmaa trap and dns extract energy fran die vaewaa fhicinalioas by this taechanism. 


THE VACUUM AS THE SOURCE OF GRAVITY AND INERTIA 

Whatof ^ftiaiisnfiail forces of gravity and iaertia tbat we aeek to overcoaic ia qnce navd? Webave 
fdienonenalocical iheaiies that describe their effects (Newtoa'i Laws and their rdadvistic generalizadoiis). 
but what of ibetr ori^? 

The fast hiat that tfaese p b ca o mcoa might tbeawdvci be traceable to rooU ia the noderiyiag flactuatioas of 
the vacaam cme in a 1967 study published by the weH-kaowa Russiaa phymeist Andrei Sakharov. 
Scatduag to derive Eiastein's phenoiBenologiod eqaadons for gener^ rdativity fran a raoR fundaaaem^ 
set of assumptions. Sakharov emne to the cooclasion that the endre panoply of geaerd rdadvistic 
phenomena oodd be seen as imhioed dTecu farou^ dMM by dsn^ ia the quawtmn-fltKXUMioB energy of 
die vacuum dne to the presence of matter. InftisviewiheaaiBCdvefraviUHiaadforceis anre dda to the 
induced Canmir force diacussed above, thaa to (undameatal iavose square law force betweeo charged 
particles with wbu^ it is often coaqmred. Althou^ speodadve wbea fim ianodaced by Sdcharov. this 
bypMbesis has led to a rich and oogoiag litenuure (indwhag a coatrifauiian of my owa in 1989) on 
quiuauni-fluctuation-in du c c d gravity, a litcratuic thai continues to yidd deep insight into the role played by 
vacuum forces. 

Given an a pp arent degtcouBecdoBbctweea gravity and the zero-point flues u a d oua of the vaewan. a similar 
coanc c tioa must exist between these sdf-saow vacuum fluctuations and iaertia. Tbis is because it is an 
empiried fact tbat the graviudooal aod iaertid masses have the same value, even tbougfa die underlying 
ph eo ootca a are quite diqiarate. Why. for example, ibouid a measure of the resistaace of a body to brag 
accelmted, even if far from any gravitational field, have the same vdue tbat is associated with the 
gravitational attraction between bodies? Indeed, if one is determined by vacuum fluctuations, so must the 
other. 

To ^ to the heart of inertia, consider a spedfle example in which you are standing mi a trda in the 
suuon. As Ibe train leaves tte platfatm with a jolt, you couid be thrown to the floor. What it this force 
(hat knocks you down, seemin^y coming out of nowhere? This phenomenon, which we convenienlly 
Idid inertia and go on about our physics, is a sublle featwe of the univcfsc that has peiplexed generatioos 
of pbysidsis from Newum to Einstdn. Since in Ibis example the sudden-disquietiiig imbalance resdu 
from accelcnuon "relative to the fixed sian," in its most provocadve form one could say that it was the 
"stars" that ddiveied the punch. This key feature was emphasized by the Austrian philosopher of sdcnce 
Ernst Mach, and it now known as Mach's Ptindple- Nonethelets, the mechmusm by which the stars might 
do this deed has eluded caovinemg explicauan. 

Addressing dua issue in a 1994 paper entided "Inertia as a Zero-Point Reid Lorentz Force," Haisch, Rueda 
and I were successful in (racing (he problem of i^(^r 1 ia and ils connection to Mach's Principle to (he ZPE 
pnqierties of (he vacuum, in a sentence, although a uniformly moving body does not experience a drag 



foice fRMB die (Loicaa-iiivinaDl) vtamB fluctoMiou. m vcaknted body meeU ■ retUtuKC (focce) 
prapoMioMltollKaeoeknMiaa. By AnefaatorfweBMaD.afcoiine.acodcfatedfeUlivclodienxedMan. It 
(me ool ibat Ml aifMBeat can be aaade that die quantum fluc uatioiit of tbtlaitf matter itnictUK Ae locd 
vaonm-fhKtuMioarnaMorfefcfcnoetice PuthofT. 'Source lOBD). TInit. in the examine of the vain 
the puwA was delivcied by the wall oT vacuum tluciuations t cting as a proxy for the Tixed stars tlXMqA 
which one aanqued to acceloaie. 

TlRM^liealion for apaoe travel is das: Given tiie evidence generated in the JleU of emityQ^fdtsaaud 
above), there is experimenui evidence Hut vacuum fiuctuations can be altered by techmdt^ical metms. 
This leads to the eoro^y that, hi principle. grevitaHonalMd it ertial masses can abo be altered. 

The poaaibility of alteiiag mam wrih a view to easily the eiier{y burden of future spaceships has been 
seriously considered by the Advanced Concepts (XTice of the Propidsioo Oircctonuc of the Phillips 
Lahonlory at Edsvaids Air Faroe Base. Orsvity researcher Robert Foiwatdaceep^ an assicassenl to review 
this concept. His ddiveraUe product was to rccommcntl a broad, multi-pronced effort invoiviag 
laboraiaiics from around the world to lavestifam the inertia mojel experimeiually. 

After a one-year iavcsIicBtioa Forward finished his study and subniitted his report to the Air Force, who 
prfdished it under the tide blots btodfftcsttbm Experiment Def nition Study. The Abstract reads in part: 

Many resea r ch e rs see the vacuum as a central iafiedicat of 21at-Ceatary phym. 

Soane even believe die vacuum may be harnessed to pfovide a Ihnidess supply of eoergy. 

This rqioft summaiizes an attempt to find an expe^ment due would teat the Hatach. 
Rne<kandPuthofr(HRP)Gaojcctnic that the mass ami iaeniaoTabodyareinducedenccts 
brot^ht about by dbaaget in the qtuuitom-flactuation cnerfy of the vacuum.... It was 
possMe d> find an experiment diet mt^ be able to prove or disprove that the inertial 
mass of a body can be altered by changes ia the vacuum sunouadiag the body.* 

re 0 ud to actaott items. Forward in fact recommends a racked Urt of not one but/NT ejqwfimeals to be 
carried out to address the 3^-inertia concept and its broad implicaiions. The rccominenrtatioos included 
umdgaiiooof Aepropoaed *suiH»auc-ray energy device" nemioned cuticr, and the investigation of an 
hypothesiaed "inettia-wiad* effect proposed by our laboraior) sod pMubly detected in early experimental 
work by Forward and Miller, though the latter possibility is h ghly ^culative at this point. 


ENGINEERING THE VACUUM FOR -WARP DRIVE* 

Fethaps one of the moct spemdalive. but nooethdcia aciciMiricany-paiinded, proposals of ail is the so- 
called Alculiieiie Waip Drive. Taking on the dudicoge of dciennining whether Warp Dnve a la Star Trdc 
was a aderdific posaibilily. generd relativity theorist Miguel Alcubierre of the University of Wales set 
Umsdf dm task of determintag whether fastm-thun-light t-avel was possible within Ac oonsiiainu of 
standard theory. Although such dearly could not be the case o the flat space of special relattvily. general 
relativity penuts consideratioo of altered spacetime aseuics where such s possibility is not a priori ruled 
out Alcubiene's further self imposed constraiiits on an acce:iuble sdutioo induded the requiremenu that 
no net time Astorlion should occur (breakfast on EarA. lunch on Alpha Centauri. and home for Anner wiA 
your wife and children, not your great-great-great gnmdchildiea), anil that the occupanu of Ac spaceship 
were not to be (latlened against Ae bidkhead by unconsctooablc accelerations. 

A solution meeting all of the dmve raquiremcets was found and pubfished by Alcubierre in Ctassicaland 
Quantum Gravity in 1994. The sdutioo Ascoveied by Alcub erre invd ved the creation of a local Astonion 
of spneetime such that spacetime is expanded behind the sfaceship. contracted ahead of it. and yields a 
hypersuifcr-ldECiaoliaofasterthaaAeqiecd of light as seen 3 y observers outside the Asturbed region. In 
essence, on Ae outgoing leg of its jouroey the spaceship is p ishcd away from Earth and pulled lowarA iu 
Astaot destination by the engtoee^ locd expansion of spa :ctime iisdf. (For fdlow-up on Ae broatkr 
aspects of "tnetiic cogioeeriiig* ooocepU, one can refer to a p.iper puUisbcd by myself in Physics Essays in 
1996.) Interestingly enough, the engineering requiremerds rely on the generabon of macioscopiG, negabve- 
citcfgy-dviwUy. ('u.siniii like states in llte qiKHitiiin v:KM«ni «»l tin: lyjH: Ascassed earltci llitinnuitutcly, 
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meeting tuch requirements is beyond technological reach without some unforeseen breakthrough, as 
emphasized by Pfenning and Ford in a recently submined manuscript. 

Rdnted, of course, is the knowledge that general relativity permits the possibility of wormholes. 
topologicsJ omnels which in principle could connect distant parts of the universe, a cosmic subway so to 
speak. Publishing in the American Journal of Physics in 1988. theorists Morris and Thome initially 
outlined in some detail the rcf{uircments for traversible wormholes and have found that, in principle, the 
possibility exists provided one has access to Casimirdike. negative-energy-density quantum vacuum states. 
This has led to a rich literature, summarized recently in a 1996 book by Matt Visser of Washington 
Univernly, St. Louis. Again, the technological requirements appear out of reach for the foreseeable future, 
perhaps awaiting new techniques for cohering the ZPE vacuum nuciuatioiu in order to meet the energy- 
density requirements. 


CONCLUSIONS 

We began this disctissum with the question: "Can the vacuum be engineered for spaceflight applications?* 
Tbessuweris. *la priixapic, yes." However, eugincering-wisc it is clear that there is a long way to go. 
Given the dicbd *a joiuney of 1000 miles begins with the first steps,” it is dso clear that we can take those 
first steps now in die laboratory. Given that Ca»mir and related effects indicate the possibility of taf^ng 
the enormous residual energy in the vacuum-fluctuation ZPE. and the demonstration in cavity QED that 
portions of the ZPE spectnun can be manipuiaicd to futxluce macroscr^c technological effects such as the 
inhibition of spontaneous emission ol excited suites in quantum systems, it would appear that the first 
steps along this path are visible. This, comlnned with newly-emerging concepts of the relationship of 
gravity, inertia ai^ warp drive to properties of the vacuum as a manipulabie medium, indicate yc. further 
reaches of possiUc tecb^ogical develo|HDcnt, although requiting yet unforeseen breakthroughs with regard 
to the possibility of engineering vacuum fluctuatioiis to produce desired results 

Where does this leave us? As we peer into the heavens from the depth of our gravity well, hoping for stune 
*magic” solution that will launch our spacefarers first to the planets and then to the stars, we are reminded 
of Arthur C. Qarke's phrase that highly-advanced technology is essentially iodistinguishaUe from magic. 
Fortunately, such magic appears to be waiting in the wings of our deepening understanding of the quantum 
vacuum in which we live. 
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Abstract 

Experiments at Berkeley and elsewhere which show that the process of tunneling is apparently superluminal 
will be reviewed. Conflicting theories for the tunneling time will be compared with experiment. The tunneling 
particle in the Berkeley experiment was the photon. The measurement of the tunneling time utilized a two- 
photon light source (spontaneous parametric down-conversion), a Hong-Ou-Mandel interferometer, and a 
coincidence counter of photon pairs. The tunnel barrier consisted of a photonic-bsmdgap medium excited 
at midgap. We And that the peak of the tunneling wave packet appeetred on the far side of the barrier 
1.47 ± 0.21 fs earlier than the peak of a wave packet which traveled an equal distance in air. However, 
Einstein causality is not violated. 


Iptroduction 

Tunneling, the quantum mechanical process by whidi a particle can penetrate a cl»5sically forbidden region 
of space, may appear to be well understood. The probability for a particle to penetrate a tunnel barrier is 
calculated in elementary textbooks on quantum mechanics. Furthermore, the tunneling process has been 
observed in numerous physical settings, and has been fruitfully utilized in various devices, e.g., the Esaki 
tunna! diode, the Josephson junction, and the scanning tunneling microscope. However, there remains an 
open problem concerning the time (or duration) of the tunneling process, which is still the subject of con¬ 
troversy. Various theories contradict each other in their predictions for “the tunneling time.” Apart from 
its fundamental interest, a correct solution of this problem is important for d.:termining the speed of devices 
which are based on tunneling. Hence we decided to perform an experiment which used the photon as the 
tunneling particle to measure this time. 

It is very important in the tunneling time problem to state precisely at the outset the operational definition 
of the quantity being measured. For the tunneling time for our experiment, this definition is based on the 
following Gedankenexperiment (see Fig. 1). Suppose that a single parent particle (a photon) decays into 
two daughter particles (two photons), as in a radioactive decay. Suppose further that these two daughter 
particles have the same speed in the vacuum (i.e., c in our case), and that they were detected by means of 
two detectors placed at equal distances from the point of decay. There result simultaneous clicks at the two 
detectors, which could then be registered in a coincidence counter. Now suppose that we place a tunnel bar¬ 
rier in the path of one of the daughter photons. (The other daughter photon continues to travel unimpeded 
through the vacuum.) Of course, this would greatly diminish the coincidence count rate. However, whenever 
a tunneling event does occur, the difference in the time of arrival of the two daughters, as measured by the 
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Figure 1: (Top); Gedankenexpertment to measure the tunneling ti'oe by means of two particles simultaneously 
emitted from a source S and detected by two equidistant detector). (Bottom): Realization by a spontuieous 
parametric down-conversion source S, in which a parent photon ilecays into two daughter photons. 


difference in the time of the clicks of the two detectors, ooostitutei a precise definition for the tunneling time. 

The question concerning the superluminality of the tunneling process can now also be precisely stated. Does 
the click of the detector which registers the arrival cf the photo i which traversed the tunnel barrier go off 
earlier or later (on the average) than the click of the detector w rich registers the arrival the photon which 
traversed the vacuum? If the tunnel barrier had simply been a t lin piece of transparent glass, then the an¬ 
swer would obviously be “later,” since the group velocity for a photon inside the glass would be leas than the 
speed of light, and the group delay for the photon traversing the glass relative to that of the vacuum would 
be positive. However, if, as some tunneling-time theories predict, the tunneling process is superluminal, then 
the counterintuitive answer would be “eaiiier," since the effect ve group velocity for a photon inside the 
tunnel barrier would be greater than the soeed of light, and the group delay for the photon traversing the 
barrier relative to that of the vacuum would be negative. Hence it is the sign of the relative time between 
the clicks in the two detectors which determines whether tunneling is subluminal or 8Uf)erluminal. 

Presently, the best detectors for photons have picosecond-scale re; ponse times, which are still not fast enough 
to detect the femtosecond-scale time differences expected in oui tunneling-time experiment. Hence it was 
necessary to utilize a Hong-Ou-Mandel interferometer, which h is a femtosecond-scale temporal resolution 
for measuring the time diflerence 'between the travel times of the two photons traversing the two arms of the 
interferometer. By placing the tunnel barrier in one of these an is, a precise measurement of the delay due 
to tunneling could then be performed. 

The barrier used in our experiment was a dielectric mirror in w lich periodic layers of alternately high and 
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low index media produce a photonic band gap at the first Brillouin sone edge. The problem of photon prop- 
nation in this periodic structure is analogous to that of the Kronig-Penney model for electrons propagating 
inside a crystal. In particular, near the mklgap point on the first Brillouin sone edge, there exists due to 
Bragg reflection inside the periodic structure an evanescent (i.e., exponential) decay of the transmitted wave 
amplitude, which is equivalent to tunneling. One important feature of this kind of tunnel barrier is the fact 
that it is nondispersive near inidgap, and therefore there is little distortion of the tunneling wave packet. 

The reader may ask why Einstein causality is not violated by the superluminality of tunneling. It has been 
shown that this superluminal behavior is not forbidden by special relativity, since it is permissible for the 
group velocity to be faster than c, so long as Sommerfeld’s front velocity remains exactly c, as is the case. 
For details, the reader is referred to Cbiao and Steinberg (1997). 


Tunneling Time Theories 

Another strong motivation for performing experiments to measure the tunneling time was the fact that there 
were many conflicting theories for this time (see the reviews by Hauge and Stovneng [1989] and by Landauer 
and Martin (1994]). It suffices here to iist the three main contenders; 

(1) The Wigner time (i.e., “phase time” or “group delay”). 

(2) The Biittiker-Landauer time (i.e., “semiclassical time”). 

(3) The Larmor time (with Biittiker’s modification). 

The Wigner time calculates how long it takes for the peak of a wave packet to emerge from the exit face of the 
tunnel barrier relative to the time the peak of the incident wave packet arrives at the entrance face. Since the 
peak of the wave packet in the Born interpretation is the point of highest probability for a click to occur (see 
the above Gedankenexperiment), it is natural to expect this to be the relevant time for our experiment. This 
calculation is based on an asymptotic treatment of tunneling as a scattering problem, and utilizes the method 
of stationary phase to calculate the position of the peak of a wave packet. The result is simple: this tun¬ 
neling time is the derivative of the phase of the tunneling amplitude with respect to the energy of the particle. 

The Biittiker-Landauer time is based on a different Gedankenexperiment. Suppose that the height of the tun¬ 
nel barrier is perturbed sinusoidally in time. If the frequency of the perturbation is very low, the tunneling 
particle will see the instantaneous height of the barrier, and the transmission probability will adiabatically 
follow the perturbation. However, as one increases the frequency of the perturbation, at some characteristic 
frequency the tunneling probability will no longer be able to adiabatically follow the rapidly varying pertur¬ 
bation. It is natural to define the tunneling time as the inverse of this characteristic frequency. The result 
is again simple; for opaque barriers, this tunneling time is the distance traversed by the particle (i.e., the 
barrier width d) divided by the absolute value of the velocity of the particle |v|. (In the classically forbidden 
region of the barrier, this velocity is imaginary, but its characteristic size is given by the absolute value). 


The Larmor time is based on yet another Gedankenexperiment. Suppose that the tunneling particle had 



spin msgnstic moment (e.g., the electron) Suppose further that a magnetic field were applied to region of 
the barrier, but only to that region. Then the a;.gle of precession of the spin of the tunneling particle is a 
natural measure of the tunneling time. However, Huttiker noticed that in addition to this Larmor precession 
effect, there is a considerable tendency for the spin to align itself either along or against the direction of the 
magnetic field during tunneling, since the energy for these two spir orientations is different. The tofoi angular 
change of the tunneling particle’s spin divided by the Larmor prec sssion frequency is Biittiker’s Larmor time. 

One consequence of the Wigner time is the Hartman effect, in wh ch the tunneling time saturates for opaque 
barriers, and approaches a finite limiting value as d becomes large. The apparent superiuminality of tun¬ 
neling is a consequence of this effect, since as d is increased, th ire is a point beyond which the saturated 
value of the tunneling time u exceeded by the vacuum traversal time d/e, and the particle appears to have 
tunneled faster than light. 

By contrast, the Biittiker-Landauer theory predicts a tunnelinf, time which increases linearly with d fc» 
opaque barriers, as one would expect classically. For a rectangilar barrier with a height Vb « rnc*, the 
effective velocity jvf is always less than c. However, for the periodic structure which we used in our ex¬ 
periment, the effective velocity |v| at midgap is infinite, whidi ir a behavior even more superluminai than 
that predicted by the Wigner time. This fact makes it easy to dutinguish experimentally between these two 
theories of the tunneling time. However, we hasten to add that the Biittiker-Landauer time may not apply 
to our experimental situation, as the Gedankenexperimen! on which it is based is quite different from the 
one relevant to our experiment. 

Buttiker’s Larmor time predicts a tunneling time which is ind< pendent of d for thin barriers, but which 
asymptotically approaches a linear dependence on d in the opaque barrier limit, where it coincides with the 
Biittiker-Landauer time. In our first experiment it was impossibh: to distinguish experimentally between this 
time and the Wigner time. Only in our second experiment could these two theories be clearly distinguished 
from one another. 


The Berkeley Experiments 

The Two-photon Light Source 

oontakieous parametric down-conversion was the light source i sed in our experiments (Steinberg, Kwiat, 
jiid Chiao [1993]; Steinberg and Chiao [1995]). Ac ultraviolet (UV) beam from au argon laser operating at 
a wavelength of 351 nm was incident on a crystal if potassium dihydrogen phosphate (KDP), which ’ as a 
nonlinearity. During the process of parametric down-conve-sion inside the crystal, a rainbow i :.iany 
colors was generated in conical emissions around the ultraviolet aser beam, in which one parent UV photon 
broke up into two daughter photons, conserving energy and momentum. The KDP crystal was cut with an 
optic axis oriented so that the two degenerate (i.e., equal energ;) daughter photons at a wavelength of 702 
nm emerged at a small angle relative to each other. We used tw< pinholes to select cut these two degenerate 
photons. The size of these pinholes determined the bandwidth cf the light which passed through them, and 
the resulting single-photon wavepacketa had temporal widths around 20 fs and a bandwidth of around 6 nm 
in wavelength. 
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The Tunnel Barrier 


The tunnel barrier consisted of a dielectric mirror with eleven quarter-wavelength layers of alternately high 
index mate.iai (titanium oxide with n = 2.22) and low index material (fused silica with n =- 1.45). The total 
thickness of the eleven layers was 1.1 /im. This implied an in ttacuo traversal time across the structure of 
3.6 fe. Viewed as a photonic bandgap medium, this periodic structure had a lower band edge located at a 
wavelength of 800 nm and an upper band edge at 600 nm. The tranmission coefficient of the two photons 
which were tuned near midgap (700 nm) was 1%. Since the transmission had a broad minimum at midgap 
compared to the wave packet bandwidth, there was little pulse distortion. The Wigner theory predicted 
at midgap a tunneling delay time of 2 (s, or an effective tunneling velocity of 1.8c. The Biittiker-Landauer 
theory predicted at midgap an infinite effective velocity, which implies a zero tunneling time. 


The Hong-Ou-Mandel interferometer 

To achieve the femtosecond-scale temporal resolutions necessary for measuring the tiny time delays asso¬ 
ciated with tunneling, we biou^t together these two photons by means of mirrors so that they impinged 
simultaneously at a beam splitter, before they were detected in coincidence detection. There resulted a 
narrow null in the coincidence count rate as a function of the relative delay between the two photons, a 
destructive interference effect first oijserved by Hong, Ou, and Mandel {1987], The narrowness of this coin¬ 
cidence minimum, combined with a good signal-to-noise ratio, allowed a measurement of the relative delay 
between the two photons to a precision of ±0.2 fc, 

A simple way to understand this two-photon interference is to apply Feynman’s rules for the interference of 
indistinguishable processes. Consider two photons impinging simultaneously on a 50/50 beam splitter fol¬ 
lowed by two detectors in coincidence detection. When two simultaneous clicks occur at the two detectors, 
it is impossible even in principle to tell whether both photons were reflected by the beam splitter or whether 
both photons were transmitted through the beam splitter. In this case, Feynman’s rules tell us to add the 
probalility amplitudes for these two indistinguishable process, and then take the absolute square to find 
the probability. Thus the probability of a coincidence count to occur is given by Ir^ + where r is the 
complex reflectioi? amplitude for one photon to be reflected, and t is the complex transmission amplitude 
for one photon to be transmitted. For a lossless beam splitter, time-reversal symmetry leads to the relation 
( = ±ir. Substituting this into the expression for the coincidence probability, and using the fact that jr] = |f{ 
for a 50/50 beam splitter, we find that this probability vanishes. 


Experimental Setup and Data 

A schematic of the apparatus we used to measure the tunneling time is given in Fig. 2. The delay between 
the two daughter photons was adjustable by means of the “trombone pri.srn" mounted on a Burleigh inch- 
worm system, and was measured by means of a Hcidenhein encoder with a 01 pm resolution. A positive sign 
of the delay due to a piece of glass was determined as corresponding to a motion of the prism towards the 
glass. The multilayer coating of the dielectric mirror (i.c., the tunnel barrier) was evaporated on only half 
of the glass mirror substrate. This allowed to translate the mirror sc that the beam path passed either 
through the tunnel barrier in an actual measurement of the tunneling time, or through the uncoated half of 
the substrate in a control experiment In this way, one could obtain data with and without the barrier in the 
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Figure 2; Schematic of the Berkeley experiments to measure the tunneling time. 
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Figure 3: (a) Coincidence rate vs delay (i.e., the position of the trombone prism in Fig. 2) with and without 
the tunnel barrier (mirror) in the beam path ^ normal incidence, (b) The same with the mirror tilted 
towards Brewster’s angle. 


beam, i.e., a direct comparison between the delay through the tui neling barrier and the delay for traversing 
an equal distance in sur. The normalized data obtained in this fasiiion is shown in Fig. 3(a), with the barrier 
oriented at normal incidence {B = 0®). Note that the coincidenr? minimum with the tunnel barrier in the 
beam is shifted to a negative value of delay relative to that with< ut the barrier iu the beam This negative 
shift indicates that the tunneling delay is superluminai. 

To double-check the sign of this shift, which is crucial for the i:iterpretation of superlumiuaiity, we tilted 
the mirror towards Brewster’s angle for the substrate {9 ~ 56®) where there is a very broad minimum in 
the reflection coefficient as a function of angle. Near Brewster’s angle this minimum is so broad that it is 
not very sensitive to the differencr between the high and low indices of the successive layers of dielectrics. 
Thus to a good approximation, the reflections from all layers vaMsh simultaneously near this angle Hence 
the Bragg reflection responsible for the band gap disappears, and the evanescent wave behavior and the 
tunneling behavior seen near normal incidence disappears The dielectric mirror sliould then behave like a 
thin piece of transparent glass with a positive delay time relative to that of the vacuum Detailed calculations 
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Figure 4- Temporal shifts of the minima seen in data such as m Fig. 3 plotted as a function of incidence 
angle, compar«i with the theoretical predictions of the Wigner time (solid curve) and of Buttiker’s Larmor 
time (iong^ashed curve). The transmis^on vs incidence angle (short-dashed line). All curves are for p- 
polarization. 

n<A u»ng the above approximations also show that at = 55°, the sign of the shift should indeed revert to 
Its normal positive value. 

The data taken in p-polarixatkni at 9 = 55* is diown in P%. 3(b). The reversal of the sign of the shift is 
clearly seen. Hencx, if we bad made a mistake in U»e sign of the shift in Fig. 3(a), so that the obeerved shift 
were actually subluminal, Uien the observed shift in Fig. 3(b) must be superiurainal. Thus one is confronted 
with a choke of the data either in Fig. 3(a) or in Fig. 3(b) as showing a superiuminal dfect. Since we 
know that the delay in ncioial dielectrics as represened by Fig. 3(b) should be subluminal, this implies that 
the tunneling delay in Fig. 3(a) should be superiuminal. Therefore the data in Fig. 3(a) implies that after 
traversing the tunnel barrier, the peak of a photon wave packet arrived 1.47 ± 0.21 fs ear/ter than it would 
had it traversed only vacuum. 

Another reason for tilting the mirror is that one can thereby distinguish between the Wigner lime and 
Buttiker’s Larmor tune, as they differ considerably in the region near the band edge, which occurs near 
Brewster’s »ngle. This can be seen in Fig. 4, where there is a considerable divergence as the band edge 
is approached between the solid line representing the theoretical prediction of the Wigner time, and the 
long-dashed line representing that of Buttiker’s Larmor time. The data points in Fig. 4 seem to rule 
out Diittiker’s Larmor time (although again we hasten to add that this theory may not apply to our exper¬ 
iment). The agreement with Wigner’s theory is better, but there are discrepancies which arc not understood. 

Other experiments confirming the superiuminaiity of tunneling have been performed in Cologne, Florence, 
and Vienna (Enders and Nimtz (1993], Ranfagni ef at. [1993], Spicimann el al. (1994]). The Cologne and 
Florence grou|is performed mirrewave experiments, and the Vienna group performed a femtosecond laser 
experiment All these groups have confirmed the Hartman effect One of these groups (Heitmann and Nimtz 
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[1994]) has claimed to have sent Motari'i 40th sym|Aooy at a ajead of 4.7c throu^ a microwave tunnel 
barrier 114 mm long consisting of a periodic dtelectck structure timiiar to our dielectric mirror. However, 
the further imf^ication that their experiment repreaents a violation of causality is in our opinion unfounded 
(Chiao and Steinberg [1997]). 

Recently, an experiment indicating the aimultaneoiM existence <if two tunneling times was performed in 
Rennes (Balcou sikI Dutriaux [1997]). In frustrated total reflection (FTIR), the tunneling of photons through 
an air gap occurs between two glass pnams when a light beam is ncident npon this gap beyond the criUcal 
angle. The Rennes group observed in FTIR both a later^ (hsphnement of the tunneling beam of light and 
an angular deflection of this beam. These two efiects were interpreted as evidence for two different tunneling 
times that simultaneously occurred in the same tunneling barrier. Hie lateral displacement is related to the 
Wigner time, and the angular d^ection is related to the Biittiker-Landaua^ time. As evidence for this, they 
cited the saturation of the beam displaconent (the Hartman effect), and the linear increase of the beam 
deflection, as the gap was increased. 


Conclusions 

The experiments at Berkeley and elsewhere thus indicate that the tunneling procem U superiuminal. In our 
opinion, this does not imply that one can send a signal (i.e., information) faster than light, despite claims to 
the contrary by Heitraann and Nimts [1994]. The group vdodty cannot be identified as the signal velocity 
of special relativity by which a cause can be ccmnecved to its eflec . Rather, it is Sommerfeld's front velocity 
which exclusivdy plays this role, and we believe that it is this latta velodty which should be identified as 
the true signal velocity (Chiao and Steinberg [1997]). 

AlUiough the controversies amongst the various tunneling tbeciis have not yet been fully lesdved by ox- 
perimMit, a good beginning has been made in this direction. In particular, it is now clear that one cannot 
rule out the Wigner time simply on the grounds that it yields a superluminal tunneling time. It also appiears 
that there may be more than one tunneling time, and that differ mt experiments with different operatkmal 
definitions of this time may lead to different results. Hopefully, tie role of time in quantum mechanics will 
be further elucidated by these studies. 
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ABSTRACT: 

EPR experiments demonstrUe thm standard quanttim meefaanks exhibits the property of 
HOHlocality, the enforcement of oorrdUkns between separated pmts of an entangled qaantom systems 
across ^MKxUfce sepuuioos. Nonlocality wiUbedariMiisingthelmsactioiial mterpretation of 
quantum medianics and the possibilUy of stqterluminal ^Eects (e.g.. foster-ttum-light communic^on) 
from nonlocality and nan-Unear quantum medianks will be ouunmed. 


1. BELL’S THEOREM AND QUANTUM NONLOCALITY 

Albert Einstetn didiked quantm mechanics, as developed Hnseidxrg, SchrOdinger, Dfrac, 
md others, because it had numy strange femmes that ran head-on into Ein^ein’s finely boned intuitfon 
and imderstanding ofhow a proper universe ought to operate. Over the years he developed a list of 
abjections to the various peculiarities of quantwn medmics. At die top of Einstein's list of complaints 
was what he called "spocAy actions at a disumce". Einstein's "qxxAiness" is now called nonlocaliiy, die 
mysterious ability of Natwe to enforce corrdatkms bctweoi sqiarated but entmigled parts of a quantum 
system that are out of speed-of-light contact, to r^cb faster-dian-light across vast spatud distances or even 
across time itself to ensure that the parts ol a quantum syston are made to match. To be more q^fic. 
loccdity means that isolated parts of any quantum mechanical sy^em out oi qieed-t^-light contact with 
other pmts of that system are allowed to ret^ definite reimiooships or correbtions only through memory 
of previoB contact. NoHlocality memis that in qumHinn systems corrduioos not possiiie through simple 
memory are somehow being enforced fristtr-than-ii^ across space »d time. Nonlocality, peculim^ 
though it is, is a fact of qimntum systems which has been repeatedly demonstrrned in labaratory 
experiments. 

In 1935 Einstein, with his coHaborators Boris Podedsky and Nstium Rosen, published a list of 
objections to quantum mechanics which has come to be known as "the EPR papa-" [1], in which they 
lo^ed three complaints against quantum mechanics, one ef which was nonlocality. The paper 
argued that "no real change" could take place in one system as a result of a measurement performed on a 
distant second system, as quantum mechanics requires. 

A decades-long uproar in the (Aysics literature followed the puMication of the EPR paper. The 
founders of quantum mechanics tried to come to grips wilti the EPR criticisms, and a long inconclusive 
batde ensued. EPR supporter David Bohm introduced the notion of a "local hidden variable" theory, a 
partially reformulated alternative to orthodox quantum mechanics that would re|dace quantum mechanics 
with a theoretical structure omitting the paradoxical features to which the Ei^ papa* had objected. In 
Bohm's hidden-variable alto'native, all correlation were established locally at sub-hght speed. 

Working physicists, howevo'. paid little attention to hidden variable theories. Bohm's approach 
was far less useful than orthodox quantum mechanics fw calculating the behavior of physical systems. 



Since it was apparently imposaMe to reaolve the EPR^iddn-van able debate by performing an 
experiment, physicias tended to ignore the whole controversy. TI>e EHl olijections were considered 
probleins far fdiifasophers and Biyaks. not Real Physicists. 

In 1964 this perccptian dunged. John S. Bell, a theoretical physidsi working a the CERN 
laboratory in Geneva, proved an anazhig theorem iriikh demonsirtt^ that certain experimental tests 
could distkigttish the ptediciians of <|iiantum mechanics from thore of My local hidden-variaUe theory 
(2J]. Bell, following die lead of Bohm, had baaed his calcdation.^: not on roeasmements of position and 
momentum, the focus of Einsidn's arguments, but on measuremeitts of die stales of polarization of 
photons of light 

Excited atoms often protfaioe two photons in a process called a “cascade" involving two 
successive quantum jumps. Because of angulm momentum conse-vaiion, if the atom begins and ends 
with no net angular momentum, the two photons must have correlated polarizatioiis. When such photons 
travel in opposite tlirections, Mgular ammeMimi conservation requires thm if one of the photons is 
measmed to have some definhe polarizition state, the other phofon is reqnved by quMtam meiAaoics to 
have exocily the same polarization state, no rnmter what measarement s made. oorrdated photon 
pans are said to be in an 'emMgletr quantimi states. Expertnwntal tests of Bdl’s theorem, often called 
"EFR experiments*, umally use enlMgled photons from such M f tomic cascade. 

EPR experiments measure the coincident arrival of two such photons at o|qx]^ ends of the 
sqiparatus. as detected by ipiantmn-sensitive pbotomdtiplier tubes tAer each photon las passed through a 
polariziagfihcrorsiditier. The phofaraidtqdiers at opposite ends of dte apparatus produce electricd 
pulses which, when they occur m the same time, are recorded as a "coinddence* or two photon event The 
rate R(6) of mcfa coincident events is measured when the two poiarization axes are oriemed so as to mdce 
a relative angte of 6. Then 6 is changed Md the rate mcasmemer t is repeated until a comftide map of 
R(0) vs. 6 is developed. 

Bell's theorem deals with the way in wbidi the coinciderce rate R(6) of an EPR cxperimoit 
changes as 6 starts from zero and becomes progressively larger. Bdl proved inathemaikally that for ail 
local hidden-wiable theories R(6) must decrease linearly (or ksi) as 0 increases, i.e., the frtetest posriMc 
decrease in R(6) is proportional to 0. On the other hand quMtum mechanics ptedkls that the coincidence 
rtue is R(8) = R(0) Cos^O). so that for small 6 it will decrease roighly as 6*. Therefore, quantinn 
mechanics and Beil’s Theorem make qualitatively diflaent predictions about En( measuranents. 

Whmi two theories mdee such distinctly diHerent inedictions about the oiUcome of the same 
experiment, a measurement can be performed to test them. For qi antum mechanics and Beil's theorem 
this crucial Em experiment was planned first in 1972 by Freet man and Clauser(4], who demonstrated 
a 6a (six standmd deviation) violation of Bell's inequality. A dea«de later the Aspect group in Bance 
performed a series of elegant ’foophote cloring” experiments that demonsttated 46o viobdions of Bell's 
inequality [5,6]. In these experiments the predictions of quMtum mechanics were always confirmed, and 
very significant violatians of the Bell Inequalities are demonstrabd. 

When the first experimental results from Em experimeiits became avaibMe. they were widely 
interpreted as a demonstration that hidden variable theories must be wrong. This interpretation changed 
when it was realized that Bell's theorem assumed a local hidden 'ariaUe theory, and that nonlocal hidden 
variable theories can also be constructed that violate Beil's theoren and agree with the experimental 
measurements. The assumption made by Beil that had been put t} the test, therefore, was the assumption 
of locality, not the assumption of hidden variables. Locality, as (romoled by Einstein, was found to be in 
conflict with experiment. 

Or to put it another way, the intrinsic nonlocalily of qua itum mechanics has been demonstrated 
by the experimental tests of Bell's theorem. It has been exporimeitally demonstrated that nature arranges 
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the correiatkns fa^ween the poiarization of the two iihoKins by some &^-tlMn-lighl mechanism that 
viol^ Ostein's intoitiotis about the intriasic locality of all naturid processes. What Einstein called 
"qxMkv ac^iODS at a thstance* se »important part of tte way nature works at the quanhun level. 
Einstdn's £Kter-than-light spocks cannot be i^ored. 

A darification dtout the nature of nonlocality is perhaps tqtpropriaie here. Lxicaiity in the form 
of memory could explain the correiatioo of photon polarizations far any one choice of measurements, e.g. 
vertical vs. horizontal poiarizmkrn. It is the freedom of the observer to metKure using many different 
polarization axes (or even cfrcalar ratha than Hnem polvization) that leads h> the need for nonlocality. 
To put it anodier way. if you were constructing a classical sdence-museinn simulation of an EPR 
experiment (not using actual photons), you would need signal wves running from each measurement to 
the other to make ^simulation operate as quuitum mechanics docs. Nature seems to have such wires, 
but we are not alioiwed to use them. 


2. NONLOCALITY AND THE TRANSACTIONAL 
INTERPRETATION OF QUANTUM MECHANICS 

Quantum mechtmics (QM) was invented in the late 1920's when an embarrassing body of new 
experimenud facts from the microscopic world couldn't be exfdained by the accqtted physics of the period. 
Heisenberg. SchrO^^, I^rac, and others used a ieinmktd)lc oombinMian of intuition and brilliance to 
devise clever ways of "getting the right miswer" from a set of arcane mathematical ptYKediues. Hiey 
somehow aooomidisiied ^ withoid understandiRg ki miy ba^ way what their mathematics really meant. 
The mathematical formalism of quantum mechanics is now trusted by all physicists, its use clear and 
unambiguous. But even now. six decades bur. its meaning remains controversial. 

The part of the theory that gives meaning to the madieniatica] fbrmalian is called the 
interpretation. Fdr quantum mechanics diere me several competmg interprebtions, with no general 
consensus as to which should be used. The orthodox interpretation of quantum mechanics used 
(qmringly) in most physics textbooks was devdoped primartly Bdir mid Hdsenberg and is called the 
Copenhagen interpretation (Cl). It takes a "don't ask - <ton't tell" ^iproach to the formdism which 
foemses exclusivdy on the outcomes physical measurements and v^idi forbids the practitioner from 
asking quedkms dx»t possiMe underlying mechanisms that produce the observed ef^s. 

The nonkxality of the quantum mechanics formalism is a source of some difficulty for the 
Copenhagen interprebtion. It is accommodated in the Cl through He i sen b erg's "knowtodge interprebtion" 
which views the quantiun mechanical stale vector (gf) as a mathematkally-encoded description of the state 
of observer knowledge rather than as a description of the 'ibjeciive sbte of the system observed. For 
example, in lSt60 Hdsenberg wrote. The act of recording, on the other hand, which leads to the 
reduction of the state, is not a physical, but rather, so to say, a mathematical process. With the sudden 
change of our knowledge also the mathematical presentation of our knowledge undergoes of course a 
sudden change ." The knowledge interpretation's account of sbte vector collapse and nonlocality as 
changes in knowledge is internally consistent, but it is rather subjective, intellectually unappealing, and 
the source of much of the recent misuse of the Copenhagen interprebtion (e.g.. "observer-created reality"). 

An more objective alternative interprebtion of the quantum mechanics formalism is the 
transactional interpretation (Tl) proposed a decade go by the author. A reprint of the original papeT(7.8] 
can be found on the web at http:llwww.npl.washingion.edulii. 

The transactional interprebtion, a leading alternative to the Copenhagen interfu-ebtion, uses an 
explicitly nonlocal transaction model to account for <piantum events. This model describes any quantum 
event as a space-time "handshake” executed through an exchange of rcbr(kd waves (y) and advanced 
waves (y«) as symbolized in the quantum formalism. It is generalized from the time symmetric Lorentz- 



Dirac ekctrodynamics introtbiced by Dirac aad on "^Morber theory” as origiiiated by Wbe^ and 
F^yiunan[9.10]. Absorber theory leads to exactly the sane predictions as conventional electrodynamics, 
but it (fiffcrs from die latter in that it emidoys a two-way exclumg>% a "handdiake" between advanced uid 
retarded waves across space-time leading to the expected transport of energy and moonentum. 



Fig. 1 Schematic of an cutvanced-retwded transaction 

This advanced-retarded handshake, illustrated schemata ally in Fig. 1. is the basis for the 
transactional interpretation of quanniin mechanics. It is a two-w ly contract between the future and the 
past for the purpose of transferring energy, momentum, etc. whi]'^ observing all of the conservation laws 
and quantization conditions imposed at the emitter/absorbo' terminating 'boundaries'' the transaction. 
The transaction is explicitly nonlocal because the future is. in a limited way, affecting the past (at the level 
of enforcing correlations). 

To accqn the Copenhagen interpretation one must accq4 the intrinsic positivism of the approach 
and its interpretation of solutions of a simple second-order differintial equation combining momentum, 
mass, and energy as a mathematical description of the knowledgi of an observer. Similarly, to accept the 
transactional interpretation it is necessary to accept the use of ad- 'anced solutions of wave equations for 
retroactive conSimation quantum event transactions, which smacks of backwards causality. No 
interpretation of quantum mechanics comes without conceptual 1 aggage that some find unacceptable. 




WiUi the advanced my/cs employed in the transactional interpretatian it is easy to account for 
nonlocal dfects. Fig. 2 shows a trmsactianal diagram ai an EHl experiment, which in the IT invdves 
twin handdiakes between both measurements (D| and Dj) and the source (SO). The two-link transaction 
am only satisfy energy. momentiHn. and angular momentum conservation laws if the measinemeni 
outcomes at D| mid match sriien die sune measurement is made. Thus, the condatioo baween 
measurement oukxxnes is enforced, not across a spaoelike interval, but across negative (y«) and positive 
(y) iightiike intervals (if the BPR experiment uses photons). Therefore, the nonlocality ot quantum 
mechanics is readily accounted for by the transactional interiaetation. 



Fig. 2 Transactional diagram of an EPR experiment. 

From one perqiective the advmiced-retarded wave combinatjons used in the transactional 
description of quantum behavior are quite appiuent in the Schrddinger-Dirac formalism itself, so much so 
as to almost painiully obvious. Wigner's time rt/ersal ofxiataf is. after all, just the operation of 
complex conjugation, and the complex conjugate of a retarded wave is an advanced wave. What else, one 
might tegitimaldy ask, couM the ut^uitous y* natations of the quantum wave mechanics formalism 
possibly denote except that the time reversed (or advanced) counterparts oi nonnal (or retarded) y wave 
functions are idaying an important role in a quantum event? What could an overlap integral corntMoing y 
with y* rqiresent other than the probability of a transaction through an exchange of advanced and 
FOarded waves? At minimum it should be clear that the transactional interpretrUion is not a clumsy 
appendage gratuitoudy grafted onto the formalism of quantum mechanics but rather a desaiption which, 
one learns the key to the language, is found to be graphically represented within the quantum wave 
mechanics formalism itself. 

Can quantum nonlocality be used for faster-than-iight a backward-in-time communication? 
Perhaps, for exam|He. a message couM b* telegraphed from one measurement site of the EPR experiment 
to the other through a judicious choice of which measurement was performed. The simple answer to this 
question is "No!". Ebeihard has used the standard formalism (rfquantum mechanics to prove a theorem 
demonstrating the impossibility of such nonlocal superliiminal communication [11,12]. Briefly, the 
quantum qierators characterizing the separated measurements always commute, no matter which 
measurement is chosen, so ncn-kxal information transfer is impossible. Nature's supcrluminal telegraph 
cannot be diverted to mundane human purposes. 
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3. NONLINEAR QUANTUM MECHANICS 
AND SUPERLUMINAL LOOPHOLES 


This prchibttkm against supertwnind communic^ion, is sutted above, is a part of dwdtfd 
quantum mechanics. Hofwever, this prohibitkin is brcJmn if quaitlum mechanics is allowed to be lightly 
"non-linear", a technical term memiing that when ^puntam waves are siqierimpoaed they may generate a 
small cross-term not present in the standard fonnalism. Steven Weinberg. NoM buieatefor his 
theoretical work in unifying the electromagnetic and weaA interactions, investigated a dieory which 
introduces small non-linear corrections to standard quantum meidianics [13]. The onset of non-linear 
behavior is seen in other areas of phy^. e.g.. laser ligM in certain media, and, he suggested, might also 
be present but unnoticed in quantum mechanics. Weinberg's noo-linear QM subtly alters catain 
propenies of the standard theory, producing new phyacal effect that can be detected through fvecise 
measurements. 

Two years after Weinberg's non-linear theory was iniMished. Joseph Polchinski puUisbed a 
papa demonstrating that Weinberg's non-linear corrections tqtset the balance in quantum mechanics that 
prevents stqierluminal communicatian using Em experiments [14], Through the new non-linear effects, 
separate'* measurements on the same quantum system begin to "talk' to each other and £a;aa-than-light 
WHVor backward-in-time signaling becomes possible. Polchinski describes such an anangsment as an 
"EPR telqrhonc”. 

The Weinberg/Pdehinski work had implictaions thm a-e devastating for the Copoihagen 
representation of the wave function as "observer knowledge”. Pcichindd has shown that a tiny non-linear 
modification transforms the "hidden” nonlocality of the standard QM formalism into a manifest prqxrty 
that can be used for nonlocal observer-to-observer commimication. This is comfrietely inconsistent with 
the Copenhagen "knowledge" interprOdion. 

Thus, the Copenhagen interpreUttion is not "robust" because it is inconsi^t with a tiny 
modification of the standard fomalism. The transactional intet|vetation. on the other hand, cmi easily 
accommodate this modification of the formalism and is robust e uwgh to be teded and verified (or 
falsified) by the same effect. If quantum mechanics has any del xtaMe nonlinearity, we get a faster-than- 
light and backwards-in-time tel^one. 

But is quantwn mechanics non-linear? Atomic physic.s experiments have been used by several 
expoimental groups to test Weinberg's non-linear theory. So fa.', these tests have all been negative, 
indicating that any non-linearities in the quantum formalism ar; exuemely small, if they exist at all. 
These negative results are not surprising, however, because the itomic transitions used involve only a few 
dectfon-vedts of energy. If quantum mechanics does have non- inear propenies, they would expect to 
depend on energy mid to appear only at a very high energy scaht and panktilarly at the highest energy 
denaties. Weinberg-Pdehinski tests should be made, if possiMwith die highest energy particle 
accelerators. Perhaps then we can find out what connections might be made with Polchinski's EMf 
telqihone. 


This work was supported in part by the Division of Nu;lear Sciences of the U. S. Department of 
Energy under Grant DE-FG06-90ER40537. 
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As a Bose condensate, superconductors provide novel conditions for 
revisiting previously proposed couplings between electromagnetism and gravity. 
Strong variations in Cooper pair density, large conductivity and low magnetic 
permeability define superconductive and degenerate condensates without the 
traditional density limits imposed by the Fermi energy (~10'6 g cm3). Recent 
experiments have reported anomalous weight loss fi»r a test mass suspended above 
a rotating Type II, YBCO superconductor, with a relatively high percentage change 
(0.05-2.1%) independent of the test mass' chemical composition and diamagnetic 
properties. A variation of 5 parts per 10^ was reported above a stationary (non¬ 
rotating) superconductor. In experiments using a sensitive gravimeter, bulk YBCO 
superconductors were stably levitated in a DC magnetic field and exposed without 
levitation to low-field strength AC magnetic fields. Changes in observed gravity- 
signals were measured to be less than 2 parts in 10® of the normal gravitational 
acceleration. Given the high sensitivity of the test, future work will examine 
variants on the basic magnetic behavior of granular superconductors, with 
particular focus on quantifying their proposed importance to gravity. 



Extending the early experiments on gravity and electromagnetic effects by 
Faraday [1] and Blackett [2], Forward (3J first proposed unique gravitational tests for 
superconductors in an electromagnetic field: "Since the magnetic moment and the 
inertial moment are combirMjd in an atom, it ma) be possible o use this property to 
convert time-varying electromagnetic fields into time-varying gravitational fields." 

Recent experiments [4-5] have reported that for a variety of different test 
masses, a Type-Il, high temperature (YBCO) superconductor induces anomalous 
weight effects (0.05-2% loss). A single-phase, dense bulk superconducting ceramic of 
YBa 2 Cu 307 -<j was helu at temperatures below 60 K, levitated over a toroidal 
solenoid, and induced into rotation using coils vith rotating magnetic fields. This 
phenomenon has no explanation in the standard gravity theories. 

Without superconductor rotation, a weight loss of 0.05% was reported, a 
relatively large value which has been attributed to buoyancy corrections [6] or air 
currents [7] until further details of the experiment elaborated upon measurements 
in closed glass tubes encased in a stainless steel 1 ox. Three theoretical explanations 
have been put forward to account for a possible gravitational cause: shielding [4J, 
absorption via coupling to a Bose condensate {5, 8] and a gravito-magnetic force [9- 
11]. The symmetry requirements of each explanation are different, as are the need 
for magnetic fields or superconductor rotation; most notably an absorption 
mechanism (based on an instability in the quadratic part of the Euclidean 
gravitational action in the presence of a Bose condensate [5,8]) may not require an 
external EM field (except to generate density fluctuation in the Cooper pairs), while 
gravitomagnetic effects in the ion lattice [9-11] lepend on a time-varying gravito- 
magnetic potential, dA^/rt Careful experiments must identify and isolate the 
relative importance of thermal, magnetic, and an/ gravitational components. 
Superconducting Disk 

To achieve large area superconductors, tw5 configurations were employed. A 



bulk, melt-textured YBCO disk (10 cm diameter, 1.25 cm height) was used with 
mostly square-like multidomains Il2) with sizes up to 5 mm2. The disk levitated 2-6 
cm above a cylindrically symmetric, permanent magnet (<B>=0.52 T) with one 
central south pole and four p)eripheral north poles. Both the vertical and horizontal 
inhomogeneity of the magnetic field pins magnetic flux lines in the superconductor, 
damps oscillations and levitates rigidly within a continuous range of possible stable 
positions and orientations. A second set of 4 parallel pole AC magnets (B=600 
Gauss; characteristic oscillation time of 0.75 s) did not levitate (but induced AC 
resistive losses in) the superconductor. Thus gravitational results were reported for 
both DC and low field strengOi AC effects on bulk YBCO superconductors. 

Melt-texturing [see e.g. 13] was based on solidification of the Y-123 phase 
through the peritectic temperature (1020 C in airy following the reaction 
Y 2 BaCu 05 + liquid phase”>YBa 2 Cu 30 x. 

The second configuration introduced a compatible base dimension (15 cm x 20 
cm) comparable to the actual footprint of the gravity measurement. An array of 48 
single-domain YBCO hexagons (2.03 cm x 0.63 cm thick) was machined with a 
central hole and fabricated into a network. The surface of the hexagonal samples 
were examined using SEM (Fig. 1). To maximize the levitation force, the single 
domain hexagons showed high critical current densities (lO'* A/cm2 at 77K in a 1 T 
field) and when field cooled, a maximum trapped field of over 0.4 T in the presence 
of a 2 T applied field [13]. The hexagons were melt-processed using a top-seeded 
technique and nucleated at the surface of a flat Ndi+xBa 2 -xCu 30 y single crystal and 
epitaxially grown with a favorable temperature gradient. Diminishing gains in 
levitation force are observed for thicknesses >0.5 cm. Microcracks [14] from over 70 
thermal cyclings introduce <3% variation in the levitation force F, where above the 
first critical field. He], the force F otherwise depends on processing technique, a 
geometric factor. A, the critical current density, J, and the size of the shielding 
current loop, r, as: 

F4 a J r grad H dV 


(i.). 



Further increases in the repulsive force, F, depend on increasing J or r. 
Instrumentation 

Magnetic flux density was measured »o 2 T with a Hall effect device 
unidirectionally over a sensing area of 0.093 cm2. Gravity was computer-monitored 
using a modified LaCoste-Romberg gravimeter [15J. The instrument reports very 
small changes in the gravitational force acting on a mechanical spring-mass. 
Gravitational changes are expressed as the electrical force (measured as voltage) 
required to maintain the spring-mass system at a predetermined position (the null 
point). The dimensions of the gravimeter's base were 38 cm x 26 cm, with 
instrumental resolution in the variation of gravity of one part per 10 billion 
(resolution, 10-7 cm s'7; repeatability, lO-^ cm s-2; average operating conditions, 
>5x10*6 cm s*2). The observed gravity value includes tidal corrections varying with 
time and location (measured on 8-satellite GPS [15], where an error of one mile (one 
minute of latitude or longitude] or equivalenth' one minute in time vdll cause an 
error of 1 pGal (10*6 cm s'7) in the tidal correcti m). Approximately 1 pGal of error 
results from a 9 arc second leveling error, which is automatically calculated and off- 
level corrections are included in the final value The instrument's range is 5 xlO'3 
cm s-2 without resetting the counter, which would correspond in the present 
experiments to full scale readings for less than one part per million variation in 
gravity [16]. Instantaneous gravity was recorded at 1 s intervals and displayed with a 
variable averaging time interval of 1-15 s. Calibration was done using the USAF 
Gravity Reference Disk for a local absolute measurement, then relative tests were 
conducted: 1) height variation (1 m) of the gravimeter altitude ('-300 microGal/m); 
2) uncorrected and corrected tidal measurements over 12 hours; 3) thermal 
constancy for internal instruments (+<0.3 C) during a 20 C external temperature 
variation. The results of these three calibration steps are shown in Fig. 2. 

Vibration, buoyancy and thermal isolation 

The mass-spring system is insensitive to longitudinal and transverse 
vibration and the instrument was placed on large concrete blocks to isolate the 





vertical direction from background disturbances. The instrument box is sealed from 
outside air to avoid any small apparent change in the buoyancy of the mass and 
beam with air pressure; in the event of leakage, a buoyancy compensator is added as 
counterweight to the balance arm and its mass/volume ratio removes 98% of any 
change in atmospheric pressure should the sensor enclosure leak. The gravimeter is 
temperature compensated with a thermistor heating circuit at 53.7 C; the box itself is 
thermostated externally and internally. When placed 5 inches above a 1 liter 
straight-walled dewar of boiling liquid nitrogen (TTK), thermal variations were 
monitored at <0.05 C for internal temperature and <0.70 C for external temperature 
in the course of 0.8 hours. 

Magnetic isolation 

To maintain relative magnetic isolation, few ferrous metal parts are used. 
The meter is demagnetized, then installed in a double metal shield (magnetic 
saturation >0.75 T). In some measurements, a 1.3 cm thick iron plate (1 m x 1 m) was 
used as a base plate separating the gravimeter from d\e magnet and superconductor; 
iron's high magnetic permeability diverts or shunts the magnetic flux. Measured 
flux reductions at the instrument were approximately 1/10 the unshielded value for 
0.5 T permanent magnets. Without magnetic leakage, the nearly quadratic decay of a 
DC magnetic field was also accounted for using spatial isolation. 

Geometric Constraints 

Magnetic levitation forces depend on the magnet and superconductor 
geometry, as does the apparent lack of a height dependence for observations of 
changes in the gravitational force above a superconductor [4-5]. Above the 
permanent (0.4-0 5 T) magnets, the flux inten<^’tv decays quadratically to a value of 
50-120 Gauss at the gravimeter when leveled 23 cm above the magnet and 18 cm 
above the YBCO disk or array. The superconductor was either field cooled (FC tc 77 
K using liquid N 2 ) in contact with the magnets (flux-trapping) or zero field cooled 
(ZFC or flux excluding) and then stably levitated in a foam walled cryostat to an 
average height of 2-6 cm. 
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For both FC and ZFC superconductors, a ceductive protocol [17] can separate 
the thermal, magnetic, and superconductive contributions, while the gravimeter 
remains stationary and a wheeled platform is moved beneath it. This protocol has 
the additional feature of excluding eddy currents from influencing the gravity 
measurement, since the magnetic field is not AC over the relevant time scale. The 
magnitudes of the various contributions to an apparent gravity change are 
summarized succintly below. 

As indicated in Figure 3, vibration is measured wiih an empty platform 
moved underneath the gravimeter (<l'3xl0-6 cm s*2); cryogenic contributions to 
instrument drift are measured with an open cryostat of boiling liquid nitrogen 
moved underneath the gravimeter (15 cm below the baseplate, <2xl0-<’ cm s-2); 
magnetic contributions are measured with Ae nagnets alone moved underneath 
the gravimeter (<6xl0-<> cm s-2); cryogenic YBCC superconductor contributions are 
measured with a zero field cooled disk moved undemeaA the gravimeter in the 
absence of any magnetic effects (<2x10-6 cm s-2); and finally Ae static (non-rotating) 
but magnetically pinned su|7erconductor contributions are measured with both the 
zero field cooled and field cooled disk or array moved underneath the gravimeter 
(<2-5x10-6 cm s-2). When measured multiple times, Ae effects of each contribution 
are seen as a series of step functions with a repeatable offset which constrains its 
relative importance. Using a similar protocol measured AC effects using the 
parallel pole magnets showed a similar but smaller influence (Fig. 4). 

Discussion 
Error Analysis 

Error analysis is critical to this experi.-nent. The reports from Podkletnov 
range from a 0.05% to 2% peak weight loss. For their 5.48 g silicon dioxide test mass, 
these values correspond in absolute values to 2 74 to 109.6 mg. These values are 
large relative to traditional gravity experiments, which have reported no gravity 
shielding to one part in 10 billion for a variet) of materials. For comparison, a 
standard level, electronic toploading balance has specifications of: repeatability, <0.5 



mg; linearity <±2 mg; temperature drift sensitivity 3ppm/C; and readability to 1 mg. 
Built-in vibration damping and a draft shield enhance repeatability to nearly an 
order of magnitude below the level required to see the lowest weight loss (2.74) on 
Podkietnov's original test mass. Since the effects are reported as the same order of 
magnitude for different masses and materials, even more massive samples can 
bring a laboratory scale test of gravity into the unconventional, but accessible realm 
of a low-cost balance. Environmental compensation for electromagnetic and 
temperature effects are a prerequisite however for reporting meaningful results. 

.Summan' of En>cts and Explanatinn«. 

Probabie 

Unidentified electromagnetic interaction 

1. Pinned flux lines rotating with the disc coupled to small diamagnetism in the weight (control: direct independent 
measurement and error limits for 110 mg wdght loss) 

2 Electromagnetic effects on an electro-optic balance (control sensitive torsion pendulum or gravitometo') 

3. Radio-frequency effects on unshielded weight (although in one experiment the measured weight loss persists in 
the absence of R-F fields) 

Unidentified interactions between gravity and superconductors 

1. (Quantum gravity (Modanese, Max Planck Institute, 19%) 

2. Generalized Meissner effect in moving superconductor (Schiff and Barnhill (1966); DeWitt (1966); Li; Torr. Peng, 

UAH ,1988, 1990, i99:. 1992,1993) 

3. Dense, degenerate matter (Bose-Einstein condensate inside superconductor. Forward, 1%3) 

More Mundane 

1, Air currents due to enclosed cryogenic temperature differences (control: vacuum) 

2. Drags and convective effects from rotation affecting the sample on the balance (control: disk balance and vacuum) 

Any apparent gravitational contribution of the superconductor can be derived 
by subtracting the contribution of the magnet and superconductor together from the 
magnet alone; however, since the relative gravimeter responds (weakly, <2-5x10-^ 
cm s-2) to the magnetic field, the uniquely superconductive contribution must 
combine any gravitational effect with the diamagnetic shielding of the magnets by 
the YBCO superconductor itself (-20-90% shielding of the field depending on 
hysteresis during cooling and magnetization). In any case, the maximum 
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contribution to a change in gravity of a static superconductor in a constant magnetic 
field was measured as less than 2 parts in 10<* of the normal gravitational 
acceleration. 

This measurement extends an approximately 4-5 order of magnitude 
improvement over that previously obtained v\ith the use of an opto-electronic 
balance [4-5] instrumented without either the*mal or magnetic compensation. 

An important question remains unreso ved, namely whether any small 
magnitude of gravity variation has a theoretical explanation. Among the three 
possible theories (shielding, absorption, or gravitomagnetic counterforces), these 
results are more relevant to an absorption mechanism based on local density 
fluctuations. This interpretation is not particuhrly sensitive to the magnetic field 
configurations, which the experiments reported liere are not optimized to probe. It 
is an open question whether the fluctuations of carrier density in superconductors at 
transition, would be sufficient to p>erturb any gravitational coupling and thus induce 
a signal. Regardless of the relative orders of magnitude, a coupling term (quadratic) 
to Euclidean gravity based on the Bose condensate and radial absorption does not 
necessarily require either rotation or a magnetic held to induce density fluctuations 
in the Cooper pairs, particularly in the limit of in inite conductivity. 

Relative to a gravito-magnetic force 19-11; 18] which depends more 
particularly on an AC magnetic drive or source term, 5Ag/5t, the static case more 
strongly constrains interpretations based on either simple material shielding [4-5] or 
absorption of gravity [8]. In concordance with the Schiff-Barnhill and DeWitt effects 
[18], the residual internal electric and magnetic fit Id generated (by lattice distortions 
arising from the solid's tendency internally to counteract gravity) do not go to zero 
at the onset of superconductivity. DeWitt desrribes the result as "free-floating 
electrons," but in any case, the linear combinations of electromagnetic terms are the 
relevant terms to describe. The coupled role of ion lattice distortion in a gravity 
field modifies both the internal electric field (Shiff-Barnhill effect) and the internal 
magnetic field (DeWitt effect), much akin to a g avitational analog to the Zeeman 



shift. Thus the gravitomagnetic permeability is persistant and finite, while the 
magnetic permeability goes to zero. In mks units, the gravitomagneitc field, Bg, has 
dimensionality of l/time and equals the precessional angular velocity for the ions 
or "quasi-bodies" possessing spin. If an appropriate geometry arises that can induce 
organized (partially aligned) or precessional ion motion, then any observed 
gravitomagnetic field strength (2%?) will experimentally translate to a proportional 
contribution from any non-zero angular momenta, including ions, vortices or 
larger percolation centers. Vortices also can possess spin angular momentum (in 
Type II superconductors) and can be regarded as a quasi-body; they should also be 
subject to precession. The rotating verion of this experiment will be reported in 
subsequent work. 

Criteria for Future Work 

Some further considerations for deductive experiments should include a 
mapping of the various effects and their potential artifacts. 

Absorption vs. Shielding of Gravity 

Appropriate geometries should test for weight loss above and below the 
superconductor. An absorption mechanism can be speculated to lead to weight loss 
in the neighborhood of the superconductor (including below and to the sides), while 
a strict shielding or shadow effect would lead to no weight loss except directly above 
the disk. 

Height dependence 

The suprising lark of height dependence in Podkletnov's results poses a 
number of problems for theoretical interpretation. The reported weight loss did not 
change within one part in a thousand over a distance ranging from 10 cm to 3 m. A 
traditional l/r^ force would be expected, on the contrary, to vary over 3 orders of 
magnitude over this distance. Unless the length scale of any proposed force field is 
exceedingly long, then the interaction would not correspond to any traditional 
electromagnetic, gravitational or gravitomagnetic description. In the linear 



approximation, the gravitomagnetic force shares a similar Maxwellian description. 
The usual picture would ascribe much longer characteristic lengths to 
gravitomagnetism, but would share the same characteristic decay as the EM field. 

Buoyancy and convection 

There is some incongruity reported between the various groups on the effects 
of air pressure on the weight measurement. Since the first dramatic observations by 
Podkletnov involved rising aerosol particles, considerable attention must be paid to 
the effects of buoyancy, air currents and thermal convection. These effects should be 
eliminated by taking the weight measurement under vacuum conditions, which 
has the additional feature of excluding any stray ultrasonic or buoyancy corrections. 
Podkletnov has noted a 2% drop in air pressure n a cylindrical air space above the 
superconductor, although Modanese interprets the latest set of weight measurments 
as occuring under vacuum conditions. The buoyancy corrections under lower 
atmospheric pressure would account for weigh: loss and have a long history in 
gravity experiments as giving analous conclusims. Bull (1995) has treated these 
effects in the context of the Finland experiment. A simple test of convective effects 
is either temperature control cr variation in the aerodynamic shape (cross-section) 
of the test mass while keeping the same material and mass. Moldable wax provides 
a convenient way to vary independently the shape, while keeping material and 
mass constant. 

Electromagnetic coupling 

With time-varying magnetic fields, the production of eddy currents can 
produce substantial levitation effects; induced diamagnetic effects should be 
measured independently, but different materiah of the same mass will typically 
produce several orders of magnitude difference in the repulsive force. Relatively 
low cost shielding foils are commercially available with specifications of 1/1000 
reductions in electrostatic (Cu or A1 foil laminates), electromagnetic (Ni or Fe foil 
laminates) and stray radio-freq. fields (Cu/Al foil laminates). Thus an intelligently 
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nested isolation box is essential to meaninful interpretation of the results. 

Decoupling changes tn the gravity from changes in mass in the weight 
measurement 

One method to decouple changes in mass from any measured changes in the 
gravitational acceleration is called the Wilberforce pendulum, named after Lionel 
Robert Wilberforce (1861-1944), a demonstrator at the Cavendish Laboratory in 
Cambridge, England around the turn of the century. It consists of a mass suspended 
from above by a spring. Such a pendulum has three modes of oscillation: 1) the 
ordinary swinging mode, 2) an oscillation along the axis of the spring and 3) a 
torsional (twisting) mode. If the resonant frequencies of the second two modes are 
nearly identical and one mode is initially excited, the other mode will slowly acquire 
energy, and the energy will slowly transfer back and forth between the modes. 

The swinging mode of the Wilberforce pendulum is independent of test 
mass, but depends on gravitational acceleration. A change in the angular frequency 
above the superconductor would indicate direct variation in gravity. The angular 
frequency of the swinging mode is given by (g/L)t/2, where g = 9.8 m/s^ and L is the 
length of the pendulum. The spring reciprocation mode is idenpendent of 
gravitational acceleration, but inversely proportional to the square root of mass. A 
change in the oscillation frequency of the spring above the superconduc or would 
indicate direct variation of the test mass value. The frequency of the spring 
oscillation is given by (k/m)^/2^ where k is the spring constant and m is the mass 
supported by the spring. Finally, the torsional frequency is given by (K/I)t/2,where K 
is the torsional constant and I is the moment of inertia of the suspended mass. 
Usually the moment of inertia is controlled by having several bolts threaded into 
the mass in a symmetric arrangement. Nuts threaded on the bolts can then be 
moved back and forth to change the moment of inertia without altering the mass. 
Thus the two frequencies can be made nearly equal. 

If there were no coupling between the modes, the energy in each mode would 



remain constant, ignoring friction, and the modes could be excited in any 
combination with no subsequent interaction. In reality, the stretching of the spring 
produces a small torque that excites the torsional mode. The torsional mode, in 
tu’-n, .■alternately stretches and compresses the spring, exciting tht spring mode. The 
necessity of having the frequencies nearly equU is that the coupling between the 
modes is small, and thus the energy must be t*ansferred over a number of cycles. 
The effect is quite impressive if the frequencies are carefully adjusted. This is an 
example of a harmonic oscillator driven at its resonant frequency by a small driving 
force and provides an exotic, but potenMally novel way to clarify interpretation of 
the results in the event of a measured weight loss. 

In addition to superconductors, other Bose condensates such as superfluid 
helium have been investigated for gravitomagnetic field exclusion [19], but the low 
thermal conductivity of helium limits measurable power transfer from an AC 
magnetic field by several orders of magnitude below a YBCO superconductor. 
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Fig 2. Calibration and proof-testing gravimeter; 1) altitude \'ariation of 1 m and 
resulting gravity change (3.08 k 10"» cm/s^ per m altitude); 2) thermal constancy of 
gravimeter interior during 20 C external temperature change; 3) solar and lunar tide 
during long duration reading (12 hr). 
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YBCO- B field B field .. 

B field + YBCO +YBCO YBCO Thermal B field Baseline 



Fig. ... Experimental results for measured DC-magnetic field and gravimeter 
fluctuation.s (baseline plus magnetic, thermal an.1 superconductive contributions). 
If not otherv»?ise indicated the vertical axis is appi rent gravity in units of milli-Gals 
or 10-3 cm s-2. See text for protocol details. 
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Fig. 4. Experirrental results for measured AC-magnetio field and gravimeter 
fluctuations (baseline plus magnetic, thermal and superconductive contributions). 
If not otherwise indicated die vertical axis is apparent gravity in units of milli-Gals 
or 10-3 cm s-2. See text for protocol details. 
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ABSTRACT: 

In 1983, Ainb|0m and Wolfram produced plots of the energy density of the quantum mechanical electromagnetic 
fluctuations in a volume of vacuum bound^ by perfectly conducting walls in the shape of a rectangular cavity of 
dimensions a„ a,, and a,, as a function of the rmios aVa, and a,/a,. Portions of these plots are double-valued, in that 
they allow icclangtdar cavities with the same value of a^/a,, but different values of a^/a,, to have the same total 
energy. Using these double-valued regions of the plots. I show that it is possible to define a "Casimir Vacuum 
Energy Extraction Cycle’ which apparently would allow for the endless extraction of energy from the vacuum in the 
Casimir cavity by cyclic manipulation of the C&simir cavity dimensions. 
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INTRODUCTION: 

One the yet untapped possiUe sources of energy 
for advanced propulsion systems is the quantum 
mechanical dectromagnetic fluctumion energy in the 
vacuum of empty space. Since the electromagnetic 
fluctuation energy exists everywhere except inside 
conductors, such an energy source <x>uld be t^>ped 
anywhere the using vehicle goes. This paper 
describes a method of cyclically maiupulating the 
dimensions of a Casimir cavity which appears to 
result in the extraction of energy from the vacuum 
contained within the Casimir cavity during oik 
portion of the cycle, without the tKed to supply 
energy back into the Casimir cavity vacuum during 
the other portions of the cycle which return the cavity 
dimensions to their original state. 

CASIMIR CAVITV ENERGY; 

One erf the macroscopically observaWe effects of the 
electromagnetic fluctuations of the vacuum predicted 
by the theory of quantum electrodynamics, arc the 
forces produced by the vacuum fluctuation energy on 
the conducting walls of a "Casimir cavity", Casimir 
(1948) fHcdicted that the vacuum between two 
conducting metal plates would have less energy than a 
similar region of vacuum not bounded by conducting 
plates. He also predicted that the two uncharged 


conducting plates would experience an attractive force 
Those fcxces were measured by Lamoreaux (1997), 
and they agreed with Uk flaamir predictions to 
within 5%. The two closely-spaced ctmducting plates 
trf the standard Casimir experiment arc an extienK 
example erf a more general Casimir cavity such as a 
sphere or box. For this paper we will concentrate on 
rectangular Casimir cavities, where the two closely- 
spaced conducting plates would be replaced with a 
rectangular cavity in the shape of a pizza box. 

The energy density of the clectromagn^c vacuum 
fluctuation energy in a rectangular Casimir cavity has 
been calculated in detail by Ambj0m and Wolfram 
(A&W 1983). They assumed an empty, perfectly 
conducting, rectangular box of dimensions a„ a,, and 
2^. They then calculated the "energy divided by 
volume" of the vacuum in the box for the case of a 
number (rf different theoretically possible fields. The 
case we will use is when the vacuum inside the cavity 
omtains the quantum mechanical fluctuations of a 
’massless vector field". We will assume that the 
A&W phrase ’energy divided by volume* is 
equivalent to "energy density . and that the phrase 
"massless vector field" is the electromagnetic field. 

A&W (1983) found that the energy deasity in a 
Casimir cavity can be cither positive, negative, or 
«ro. depending upon the shape of the cavity. When 



itwy pIfXicd curves i>f ctwston* cnt-r^c density m a 
f umiK'n of she* ratio erf two of the sides wiih respwi 
to the third, or %/a. vs, a^/a,. liiey patdtited the pl<« 
of Figure F ’Ihe dark regiim i« »he tower tefl 
indiuiles cavity Oiapcs wilh a positive energy density, 
while the ligtitef region lo the upper tight irtdicates 
cavity shapes with a negative energy density. The 
«ro energy (tensity curve runs I'nwn %/aj=3i.3 on t»ic 
axis to a,/a,=1.3 on the other asis. 



Ft* i - Ht^s of r sjasiaBi Fwrgy Ikensity in a 
kesianguto< avity of flimensiom a,. S;. and%, 

VAKIABLfc CAVITY VOLUME: 

t wte ol i!k“ mure imeirmnn aspc/rts of she AAW plot 
are tN" arno rfuted, rwiMrarsf shapes of the txmsian! 
errryy density turves. rspeeiaJfy in the neptive 
energy region I k’sc variaii/ms with cavity shape are 
rttj umk;r,hAHl As ! will show later, thev may give 
w, a "tosidtE' on crlracting energy Iroro the vacuurtt 

Tiw ar» energy (tensity curve of Fig. I is of 
fundamentid iraportaoce. Not only is she energy 
density rero tor all fiasirnir (avsty stapes on that 
curve, hut ihc total c«rgy in all the tiastmir cavities 
with tkrsc sh«fx:s ss als<.i rcro. no matter hms kg m 
small the scale of the cavity aimcitsioits the 
varittiftf): in shape, votame. and snrfat* area of these 
specta: «rts-era:rgy <’asimir cavity shapes is quite 
signiftcanl. As shown in Fi|, 2, tfKiy range from a 
mnjimum vdume "hmid bosi* with rciaiivc 
dimensions of I x I s I,,!, volume of 1 ,i, arxl siirlace 
area of It h, *hn>«gb a ‘shoe bos* with relative 
dimensions ot t x 1,7,5 x 3,4. vclu.-ie of 5 95. and 
syriace area of 21.35; to a maximum vidamc "cake 
N-c" w dimensions of I s 2 h x 2h. vnhitnt* of 


476, and s«rf«jc area of 23.92 Why these sficctfic 
shapes have rem energy densitv is unknown Also 
.shown in ITg. 2 i.s a cube, which has the sntalksi 
votum • and the maximum ptisitive energy density 



Fig.: • Variauon of f avity Shapes A!t,>rtg the Zer.- 
btirrgy Density and ZeivFl'otal f-jicrgy < urves 


In m. * ffflrt to understand the shapes ot iht- ci)nsliii>: 
eiwr^ derai^- curves, t calc«lal»l s»>ro« amtant 
vdtiwii «d amtanf smfaa; area curses and astipared 
thirnt with the aerw and first negato c value csmstani 
energy density curve.s. As can be seen in Fig, 3, the 
centra portom rf the cotisiaM crergy density curves 
afipro iinaie a cor&tant volume or consant surface 
area h le, but tfcviaie greatly w hen twin it tfic 
dimcBiisms are si|nificanily smaller than the iJiird 
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CASIMIR VACUUM ENERGY 
EXTRACTION CYCLE: 

There are many conceivable vacuum energy extraction 
cycles which can be conjured up from studying 
Fig. i, but the most convincing Casimir Vacuum 
Energy Extraction Cycle uses the zero energy density 
>.arve. The minimum volume rectangular cavity 
which lies on the zero energy density curve is the 
rectangle with relative dimensions of 1 x 3.3 x 1. 
Since the energy density of this cavity is zero, then 
the total energy in the volume is zero, independent of 
the scale of the cavity. The vacuum inside this cavity 
shape seems to be similar to that of an unbounded 
vacuum. 

We will now cyclically manipulate the dimensions of 
the cavity as shown in Fig. 4. We start with the 
cavity sh^ ai=l. 32=3.3, aj=1.0. Holding a, and ^ 
constant, we make an in^*nitesimal increase in the 
cavity dimension a, from 1.0 to I.0+. This should 
require no energy since the Casimir energy in the 
cavity is zero, which usually means the forces on the 
walls of the cavity arc zero. We have now mr ed 
into the region of the plot where the energy density in 
fht cavity is positive. According to the usual 
interpretation, a positive energy density in a Casimir 
■ DToduccs an ourward or repulsive force on the 
wall;, the Casimir cavity. We now permit the 
walls ck rmining the dimension a, to continue to 
move outward under the repulsive Casimir force. 
During this forced expansion mode, we can use either 
mechanical or electrical fForward 1984) means to 
extract energy from the moving walls. 



Fig. 4 - Zero Energy Cur e Casimir Cycle 


The outward force on the walls will grow larger as a^ 
increases, then smaller, until a, reaches the point 
1.8.5, but ail during the change from 1.0 to i.85, the 
force on the wall is outward, and energy can be 
extracted from the forcefully imwed wall during that 
part of the cycle. Since the force on the wall is 
produced by the positive Casimir energy density of 
the vacuum, one can draw the conclusion that the 
energy extracted came from the vacuum. 

With the shape of the cavity now at a,= l. aj=3.3, 
a,=1.85, we arc back to a cavity shape which is on 
the zero constant energy density curve. With zero 
energy density and zero total eriergy in the Casimir 
cavity, there should be zero force on the walls. Wc 
now hold a, constant at 1.0, and decrease from 1.85 
to 1.75, while at the same lime increasing a, from 
3.3 to 3.4, in such a way as to have the shape of the 
resultant Casimir cavity always remain on the zero 
energy density curve. Since the forces on the wall are 
zero, no energy should be required to move those 
walls. We arc now at the Casimir cavity shape given 
by a,-1.0, 82 - 3 . 4 , a,=l.75. We now continue the 
cycle by holding a, at 1.0, and decreasing a, from 
1.75 to 1.0, while at the same time decreasing aj 
from 3.4 to 3.3 in such a manner that each 
intermediate shape conesponds to a point along the 
zero energy density curve. Since there is zero energy 
density in the Casimir cavity, there should be zero 
force on the walls and no energy should be required to 
move the walls during this portion of the cycle. We 
have now reached the beginning shape of a,=l .0, 
32=3.3, and 3,=1.0 and completed the cycle. During 
one portion erf the cycle, when the walls determining 
a, were allowed to expand from 1.0 to 1.85 under the 
outward Casimir force, we were able to extract energy 
from the vacuum electromagnetic fluctuations in the 
Casimir cavity. During the rest of the cycle, when 
the shape of the Casimir cavity was adjusted so that 
the .shape followed the zero constant energy density 
curve, there should be no Casimir forces on the walls 
of the cavity. If so, no energy was required to move 
the walls and no energy was returned to the cavity. 

We thus seem to have identified a "('asimir Vacuum 
Energy Extraction Cycle" which obtains energy from 
the vacuum during one portion of the cycle, but is 
not required to return that energy during the remaining 
portions of the cycle, thus endlessly extracting energy 
from the vacuum with each cycle completed. This is 
an extraordinary cor^lusion if it is true. Extraordinaiy 
conclusions require extraordinary precautions during 
analysis as well as extraordinary proof obtained by 










extremely careful experimental measurement'i. It 
could be the anomalous result was obtained because 
of either sloppy plotting by A&W (1983) or by my 
reading of more into their plots than is warranted. If 
one looks at the original p^ot of Rg. 1, the zero 
energy density line is very thick. Although it looks 
like the curve is double-valued at either a2/a,=3.3 or 
%/a,=3.3, it could be that the actual data is always 
single-valued for all values of aj and %. In 
contradistinction, the negative energy density curves 
are definitely double-valued, so the zero energy 
density curve is also probably double-valued. It is 
also possible that the A&W calculations are wrong, 
and the double-valued curves of constant negative 
energy density are wrong, and should look more like 
the single-valued quaitcr-cincles seen in the positive 
energy density region. The recent calculations of 
Hacyan, et al. (1993), which generally agree with 
those of A&W, make that unlikely. 

T.A.N.S.T.A.A.F.L ALERT!!!; 

'There Ain't No Such Thing As A Free Lunch’ - 
This delibcrately-illiteiate "catch phrase" from one trf 
Heinlein's books applies equally well to bar lunch 
counters, stock markets, grocery check-out stands, and 
physics. But., using the accepted theories and 
models for the behavior of Casimir cavities under the 
influence of the quantum mechanical electromagnetic 
fluctuations of the vacuum, 1 have described a method 
of manipulating the shape of a Clasimir cavity in a 
cyclical manner so that I can extract either electrical 
or mechai cal energy from the forces acting on the 
walls of the Casimir cavity, while at the same time 
periodically returning the Crasimir cavity to its 
original state. .Since such a procedure would generate 
more energy that it uses, it is highly probable that 
something is wrong. The most likely catKiidate is 
that the Casimir forces on the individual walls of a 
cavity with zero total energy are not zero. But I 
know of no reference to this. There may be other 
explanations. 

CONCLUSIONS: 

Wc have amstructed a physics paradox using the 
presently accepted theories of the electromagnetic 
fluctuations of the vacuum. The resolution of that 
paradox, at a minimum, could lead as to a better 
understanding of the electromagnetic fluctuations of 
the vacuum, or. at a maximum, could provide an 
essentially unlimited supply of energy for space 
propulsion. 


There is new physics to be learned in the accurate 
study of the electromagnetic fluctuations of the 
vacuum in (Zasimir cavities. Microelectronic 
fabrication techniques can construct the microscopic 
and subnicroscopic conducting wall cavities needed to 
put the existing theories to an accurate test. What are 
needed are some good ideas for experiments, backed 
up by good theoretical models for those experiments, 
which will produce numerical estimates w hich can 
then be :hecked by careful experiments. 
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ABSTRACT: 

This NASA Breakthrough Propulsion Physics Workshop seeks to explore concepts that could someday enable 
interstellar travel. The effective superluminal motion proposed by Alcubierre (1994) to be a possibility 
owing to theoretically allowed space-time metric distortions within general relativity has since been shown 
by Pfenning and Ford (1997) to be physically unattainable. A number of other hypothetical possibilities 
have been sunimarised by Millis (1997). We present herein an overview of a concept that has implications 
for radically new propulsion possibilities and has a basis in theoretical physics; the hypothesis that the 
inertia and gravitation of matter originate in electromagetic interactions between the zero-point field (ZPF) 
and the quarks and electrons constituting atoms. A new derivation of the connection between the ZPF and 
inertia has been carried through that is properly co-variant, yielding the relativ.stic eqration of motion from 
Maxwell’s equations. This opens new possibilites, but also rules out the basis of one hypothcwical propulsion 
mrc.hanisin; Bondi’s “negative ineitial mass,” appears to be an 'mpossibiii-y. 

INTRODUCTION: 

The objective of this NASA Breaktnrough Propulsion Physics Workshop is to explore ideas ranging from 
extrapolations of known technologies to hypothetical new physics which could someday lead to means for 
interstellar travel. One concept that has generated interest is the proposal by Alcubierre (1994) that effec¬ 
tively superlurr.inal motion should be a Dossibiliiy owing to theoretically allowed space-time metric distortions 
within genera; relativity. In this model, motion between twe locations could take place at effectively hy¬ 
perlight speed without violating special relativity because the motion is not through, space at v > c, but 
rather within a space-time distortion; somewhat like the “stretching of space” itself imiplied by the Hub- 
bie expansion. Alcubierr-’s concept would indeed be a “warp drive." Unfortunately Pfenning and Ford 
(1997) demonstra'ed that, .‘hile rhe theory may be correct in principle, the necessary conditions are physi¬ 
cally unattainable In “The Cnallenge to Create the Space Drive” Millis (1997) has summarized a number 
of other possibilities for radically nev» propulsion methods that could someday lead to interstellar travel 
if various hypothetical physics concepts should prove to be true. Seven different propulsion concepts were 
,jrcseried therein three involved hypothetical collision sails and four were based on hypothetical field drives. 
The purpose of this paper is to discuss a new physics concept that no longer fails in the category of “purely 
hypothetical,” but lalhir has a theoretical foundation and is rtlevant to radically new propulsion schemes; 
the zero-point field (ZPF) as the basis of inertia and gravitation On the b ,sis of this concept we can defini¬ 
tively rule out one of the hypiothesizcd propulsion mechanisms since the existence of negative inertial mass 
is conclusively shown to be an impossibility. On the other hand a differential space sail becomes a distinct 
possiblity. More importantly, though, the door is theoretically open to the possibility of manipulation of 
Inertia and gravitati.on of matter since both properties arc shown to stem at least in part from electrody¬ 
namics This raises the stakes considerably as Arthur C. Ciarke (1997) writes in his novel, ■‘iOOl referring to 
the ZPF-inertia concept of Haisch, Rueda and Puthoff (1994; hereafter KRP); 

An “inerliatess drive,” which would act exactly like a controllable gravity field, had never been 
discussed seriously outside the pages of scirrre fiction until very recently. But in 1994 three 
Ainerican pnysicists did exactly this, dev -log some ideas of the great Russian physicist 
A.nd.ci Sakha'-iv. 
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THE ZERO-POINT FIELD FROM PLANCK’S WORK: 


In the year 1900 there were two main clouds on the horison of cl.isaicai physics- the failure to measure the 
motion of the earth relative to the ether and the inability to explain blackbody radiation. The first problem 
was resolved in 1905 with the publication of Einstein’s “Zur Elektr idynamik bewegter Korper’’ in the journal 
AnnaUn der Pfiystk, proposing what has come to he known as the special theory of relativity, it is usually 
stated that the latter problem, known as the “ultraviolet catastrophe," was resolved i.n 1901 when Planck, in 
“Uber das Gesets der Energieverteilung im Normalsp^ktrum" in the same journal, derived a mathematical 
expression that fit the measured spectral district tier, of thermal . adiation by hypothesising a quantisation 
of the average energy per n.ode of oscillation, f — fw. 

The actual story is somewhat i..ore complex (cf. Kuhn 1978). Since the objective is to calculate an elec¬ 
tromagnetic spectrum one has to represent the electromagnetic field in some fashion. Well-known theorems 
of Wey! allow for an expansion in countably many infinite elect omagnctic modes (e g. Kurokawa 1958). 
Every electromagnetic field mode behaves exactly as a linear hi.rmonic oscillator. The Hamiltonian of a 
one-dimensional oscillator has two terms, one for the kinetic energy and one for the potential energy; 
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The classical equ.pai iition theorem states that each quadratic t»rm in position or momentum contributes 
kT/2 to the mean energy (e g. Peebles 1992). The mean energy of each mode of the electromagnetic field 
is t. er. < £ > - kT. The number of modes per unit volume is (8rri/*/c*)dj/ leading to the liayleigh-Jeans 
Sfic-trai energy density /c^)kTdi/ with its i'* divergence (the ultraviolet catastrophe). 


In his “first theory” Planck actually did more tha.i simply assume ( — hi/. He considered the statistics of how 
“P indistinguishable balls can be put into N distinguishable boxa." (Miionni 1994) So Planck anticipated 
the importance of the fundamental mdistinguishability of clr.-ne stary particles. With those statistics, *he 
average energy oi each oscillator becomes < E >- t/ley}3[f/k '') - 1} Assuming that c = hi/ together 
with the use of statistics appropriate to indistingubhabie energy elements then led to the spectral energy 
distribution consistent with measurements, now known a« the PI inck (or blackbody) funtv.in; 
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Contrary to the cursory textbook history, Planck did not immediately regard his e — fu/ assumption as a 
new fundamental law of physical quantisation; he viewed it rather ns a largely ad hoc theory with unknown 
implications for fundamental laws of physics. In 1912 he publiihed his “second theory” which led to the 
concept of sero-p>oint energy. The average energy of a thermal ot:i:lavcr treated in this fashion (cf. Miionni 
1994 for details) turned out to be E >-- hi//(^xp(hi//kl ) - 1) - hi>./2 leading to a spectral energy density 




y)- 


(26) 


The significance of this additional term, hi//2, was unknown. Wh le this appeared to result in a ultraviolet 
catastrophe in the second term, in the context of present-day st ichastic electrodynamics (SED; see below) 
that is intepreted as not lo be the case, because this component n"w refers not to measurable excess radiation 
from a heated object, but rather to a uniform, isotropic background radiation field that cannot be directly 
measured because of its homogeneity. Flanck came to the conclunon that the sero-point energy would have 
.no experimental consequences. It could be thought of as anaiagous to an arbitrary additive constant for 
potential energy. Nernst (1916), on the other hand, took it serioisly and proposed that the Universe might 
actually contain en- rmous amounts of sero-poini energy. 


Work or, lero-point energy in the context of classical physics wai essentially abandoned at this st^ge as the 
development of quantum mechanics, and then quantum electiod>namics fQED), took center stage. However 
the parallel conce; of an electromagnetic quantum vacuum soo i emerged 




THE ZERO-POINT FIELD FROM QUANTUM PHYSICS: 

For a one-dimcnsiona! harmonic oacillator of unit mass the quantum-mechanical Hamiltonian analagous to 
Eq. (1) may be written (cf, Loudon 1983) 


(3) 

where p and q are momentum and position operators respectively. Linear combination of the p and q result in 
the ladder operators, also known as destruction (or lowering) and creation (or raising) operators respectively: 

a - ip), (4a) 

o' {2hu f^'^{tjtq - ip). (46) 

The application of the destruction operator on the nth eigenstate of a quantum oscillator results in a lowering 
of the state, and similarly the creation operator results in a raising of the state: 

a|n) = n^'^jn - 1;, (5a) 

aMn)^(n-!-l)‘/^n t 1), (56) 

It can be seen that the number operator has the \n) states as its eigenstates as 

JVin) = aU'ni ^ nin). (5c) 

The Han.'iitonian or energy operator of Eq. (3) becomes 

/■/ -h^(N ^ ^ j ^ IW y . (6) 

The ground state energy of the quantum oscillator, jO), is greater than zero, and indeed has the energy jhw, 
HiO) - Eom - (7) 


and thus for excited states 


Now let us turn to the case of classical electromagnetic waves. Plane electromagnetic waves propagating in 
a direction k may be written in terms of a vector potential Ak as 

Ek = k*ik{Akexp(~tu!itt-f tk rj - AJ)exp(kiikt - tk >■)), {9a) 

Bk - tkx{Akexp(-»ttikt f-tk • r) - Akexplioikt - • f)}, 

Using generalised mode coordinates analogous to momentum (Pk) and position (Qu) in the manner of Eqs. 
(4abl above one can write Ak and A^ as 

Ak (MoVi^l) jfwkQk ' (iOo) 

Aj) -■ (4coV'u-J)' >{u>kQk »Fk)et. (106) 



where e* is the poiariiation unit vector and V -he cavity volume. In terms of these variables, the single-mode 
phase-averaged energy is 


Note the parallels between equations (10) and (4) and equations (1) and (3). Just as mechanical quantisation 
is done by replacing position, x, and momentum, p, by quantum operators x and p, so is the “second” 
quantisation of the electromagnetic field accomplished by replac ng A with the quantum operator A, which 
in turn converts E into the operator E, and B into B. In this way, the electromagnetic field is quantised 
by associating each k-mode (frequency, direction ard polarisation) with a quantum-mechanical harmonic 
oscillator. The ground-state of the quantised field has the energy 

< Bk.o >- \(Pi,o ^ “'kQk.o)' ^ ^hu'k (12) 

that originates in the non-commutative algebra of the creation and annihilation operators. It is as if there 
were on average half a photon in each mode. 

ZERO-POINT FIELD IN STOCHASTIC ELECTRODYNAMICS: 

A common SED treatment (cf. Boyer 1975 and references therein; also the comprehensive review of SED 
theory by de la Pena and Cetto 1996) has been to posit a sero-point field (ZPF) consisting of plane elec¬ 
tromagnetic waves whose amplitude is exactly such as to result in a phase-averaged energy of hu/2 in each 
mode (k,<r), where we now explicitly include the polarisation, c. AfVer pasung to the continuum such that 
summation over discrete modes of propagation becomes an integ -al (valid when space is unbounded or nevly 
so) this can be written as; 


E^^(r, t) = J j ex >(tk • r - iu^t + (1^) 

B"(r,0 = Rr^y«f’fc(fcx i^^]*exp(tk-r-i.kt-itfk,,), (136) 


where 6k,* is the phase of the waves. The stochasticity is enti ely in the phase of each wave; There is no 
correlation in phase between any two plane electromagnetic wav>« k and k', and this is represented by having 
the 6k phase random variables independently and uniformly t istributed between 0 i nd 2w. 


DAVIES-UNRUH EFFECT: 

In connection with “Hawking radiation” from evaporating bhurk holes, Davies (1975) and Unruh (1976) 
determined that a Planck-like component of the ZPF will arise in a uniformly-accelerated cordinate system 
with constant oroper acceleration a (where |aj = a) having an • ffectivc temperature, 


(14) 


This temperature is negligible for most accelerations. Only i t the extremely large gravitational fields of 
black holes or in high-energy particle collisions can this become significant. This effect has been studied 
using both quantum field theory (Davies 1975, Unruh 1976) aid in the SED formalism (Boyer 1960). For 
the classical SED case it is found that the spectrum is quasi-Planckian in T,. Thus for the case of no true 
external thermal radiation (7 - 0) but including this acccicrat on effect (T*), equation (2b) becomes 
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wticr^ the acceleration dependent pseudo-Planckian component is placed after the hi//2 term to indicate 
i...at except for extreme accelerations (e.g. particle collisionk at high energies) this term is very small. While 
these additional acceleration-dependent terms do not show any spatial asymmetry in the expression for the 
ZPF spectral energy density, certain asymmetries do appear when the electromagnetic Reid interactions with 
charged particles are analysed, or when the momentum flux of the ZPF is calculated. The ordinary plus o* 
radiation reaction terms in Eq. (12) of HKP mirror the two leading terms in Eq. (15). 


NEWTONIAN INERTIA FROM ZPF ELECTRODYNAMICS: 

The HRP analysis resulted in the apparent derivation of Newton’s equation of motion, F = ma, from 
Maxwell-Lorcnts elcMrodynamics as applied to the ZPF. In that analysis it appeared that the resistance to 
acceleration known as inertia was in reality the electromagnetic Lorents force stemming from interactions 
between a charged particle (such as an clictron or a quark) and the ZPF, i.e. it was found that the 
stochastically-averaged expression < Vo$c ^ > was proportional to and in the opposite direction to 

the acceleration a. The velocity v^tc represented the internal velocity of oscillation induced by the electric 
component of the ZPF, E^^, on the harmonic oscillator. For simplicity c ’calculation, this internal motion 
was restricted to a plane orthogonal to the external direction of motion (acceleration) of the particle as a 
whole. The Lorentz force was found using a perturbation technique; this approach followed the method of 
Einstein and Hopf (1910a, b). Owing to its linear dependence on acceleration we interpreted this resulting 
force as Newton’s inertia reaction force on the particle. 

The analysis can be summarised as follows. The simplest possible model of a structured particle (which, 
borrowing Feynman’s terminology, we referred to as a parton) is that of a harmonically-oscillating point 
charge (“Planck oscillator”). Such a model would apply to electrons or to the quarks coiutituting protons and 
neutrons for example. (Given the j^eculiar character of the strong interation that it increases in strength with 
distance, to a Rrst approximation it is reasonable in such an exploratory attempt to treat the three quarks in 
a proton or neutron as. independeiit oscillators.) This Planck oscillator is driven by the electric component 
of the ZPF, E^^, to harmonic motion, Vo^, assumed for simplicity to be in a plane. The oscillator is then 
forced by an external agent to undergo a constant acceleration, a, in a direction perpendicular to that plane 
of oscillation, i.e. perpendicular to the v„,c motions. New components of the ZPF will appear in the frame 
of the accelerating particle having a similar origin to the terms in equation (15). The leading term of the 
acceleration-dependent terms is taken; the electric and magnetic Reids are transformed into a constant proper 
acceleration frame using well-known relations. The Lorents force arising from the acceleration-dependent 
part of the acting upon the Planck oscillator is calculated. This is found to be proportional to the 
imposed acceleration. The constant of proportionality is interpreted as the inertial mass, m^, of the Planck 
oscillator. The inertial mass, m,, is a function of the Abraham-Lorentz radiation damping constant of the 
oscillator and of the interaction frequency with the ZPF, 


m. 


2rc2’ 


(16) 


where we have written r»o to indicate that this may be a resonance rather than the cutoff assumed by HRP. 
Since both T and u„ are unknown we can make no ah'; lute prediction of mass values in this simple model. 
Nevertheless, if correct, the HRP concept substitutes for Mach’s principle a very specific electromagnetic 
effect acting between the ZPF and the charge inherent in matter. Inertia is an surceleration-dependent 
electromagnetic (Lorentz) force, Newtonian mechanics would then be derivable in principle from Maxwell’s 
equations Note that this coupling of the electric and magnetic components of the ZPF via the technique of 
Einstein and Hopf is very similar to that found in ordinary electromagnetic radiation pressure. 


THE RELATIVISTIC EQUATION OF MOTION AND ZPF ELECTRODYNAMICS; 

The physical oversimplification of an idealized oscillator interacting with the ZPF as well as the mathematical 
complexity of the HRP analysis are ucderstandable sources of skepticism, as is the limitation to Newtonian 
mechanics. A relativistic form of the equation of motion having standard covariant properties has been 
obtained (Rueda and Haisch 1997a,b). To understand how this comes about, it is useful to back up to 
fundamentals. 



Newton's third law states that if an agent applies a force to a pcint on an object, at that point there arises 
an equal and opposite force back upon the agent. Were this no the case, the agent would not experience 
the process of exerting a force and we would have no basis for nechania. The law of equal and opposite 
contact forces is thus fundamental both conceptually and perce}>tually, but it is legitimate to seek further 
underlying connections. In the case of a stationary object (fixed to the earth, say), the equal and opposite 
force ciui be said to arise in interatomic forces in the neighborhood of the point of contact which act to resist 
compression. This can be traced more deeply still to electrom^retic interactions involving orbital electrons 
of adjacent atoms or molecules, etc. 

A similar experience of equal and opposite forces arises in the process of accelerating (pushing on) an object 
that is free to move. It is an experimental fact that to accelerate an object a force must be ^pUed by an 
agent and that the agent will thus experience an equal and oppos te reaction force so long as the acceleration 
continues. It appears that this equal and opposite reaction force also has a deeper physical cause, which 
turns out to also be electromagnetic and it specifically due U the tcattering of ZPF radiation. Rueda 
and Haisch (1997a,b) demonstrate that from the point of view of the pushing agent there exists a net flux 
(Poynting vector) of ZPF tadiation transiting the accelerating object in a direction necessarily opposite to 
the acceleration vector. The scattering opacity of the object to the transiting flux creates the back reaction 
force customarily called the inertia of the object. li>ertia is thus a special kind of electromagnetic drag 
force, namely one that is acceleration-dependent since only in accelerating frames is the ZPF perceived as 
asymmetric. In stationary or uniform-motion frames the ZPF is perfectly isotropic with a sero net Poynting 
vector. 

The relativistic form of the equation of motion results because, from the point of view of the agent, the 
accelerating object has a velocity dependent proper voliune due to length contraction in the direction of 
motion which modifies the amount of scattering of ZPF flux that takes place within the object. 

The physical interpretation that springs from this analysis is the following. In stationary or uniform-motion 
frames the interaction of a particle with the ZPF will result in random oscillatory motions. Fluctuating 
charged particles will produce dipole scattering of the ZPF which may be parametrised by an ejfective 
scattering spectral coefficient rf{u) that depends on frequency. Owing to the relativistic transformations of 
the ZPF, in an accelerated frame the interactions between a part cle and the field acquire a definite direction, 
i.e. the "scattering” of ZPF radiation generates a directional lesistance force. This directional resistance 
force is proportional to and directed against the acceleration vec .or for the subreiativisitic case and it proves 
to have the proper relativistic generalisation. 

GRAVITATION: 

If inertial mass, m^, originates in ZPF-charge interactions, thin, by the principle of equivalence so must 
gravitational mass, m,. In this view, gravitation would be a i:>Tce originating in ZPF-charge interactions 
analogous to the HRP inertia concept. Sakharov (1968) war the first to conjecture this interpretation 
of gravity. If true, gravitation would be unified with the otiier forces: it would be a manifestation of 
electromagnetism. 

The general relativistic mathematical treatment of gravitation as a space-time curvature works extremely 
well. However if it could be shown that a different theoretica basis can be made analytically equivalent 
to space-time curvature, with its prediction of gravitational let sing, black holes, etc. this may reopen the 
possibility that gravitation should be viewed as a force. The foil* iwing points are worth noting: (1) spacetime 
curvature is inferred from the propagation of light; (2) general r Nativity and quantum physics are at present 
irreconcilable, therefore something substantive is either wrong or missing in our understanding of one or both; 
(3) the propagation of gravitational waves is not rigorously consistent with space-time curvature. (The issue 
revolves around whether gravitational waves can be made to va lish in a properly chosen coordinate system. 
The discovery of apparent gravitational energy loss by the Ilulst -Taylor pulsar provides indirect evidence for 
the existence of gravitational waves. Theoretical developments i nd calculations have not yet been performed 
to examine whether an approach based on the Sakharov (1958) ideas would predict gravitational waves, but 
the coordinate ambiguities of GR should not appear in a ZFFefcrenced theory of gravitation.) 



There were aome early pioneering attempts, inspired by Sakharov’s conjecture, to link gravity to the vacuum 
from a quantum field theoretical viewpoint (by Amati, Adler and others, see discussion and references in 
Mtsner, Thorne and Wheeler [1973]) as well as within SED. The fi.rt step in developing Sakharov’s conjecture 
in any detail within the classical cc .'ixi of nonrclativistic SED vas the work of Puthoff (1989). Gravity is 
treated as a residuum force in the manner of the van der Waals forces. Expressed in the most rudimentary 
way this can be viewed as follows. The electric component of the ZPF causes a given charged particle to 
oscillate. Such oscillations e,ive rise to secondary electromagnetic fields. An adjacent charged particle will 
thus experience both the ZPF driving forces causing it to oscillate, and in addition forces due to the secondary 
fields produced by the ZPF-driven oscillations of the first particle. Similarly, the ZPF-driven oscillations 
of the second particle will cause their own secondary fields acting back upon the first particle. The net 
effect is an attractive force between the particles. The sign of the charge does not matter; it only affects 
the phasing of the interactions. Unlike the Coulomb force which, classically viewed, acts directly between 
charged particles, this interaction is mediated by extremely minote propagating secondary fields created l.y 
the ZPF-driven oscillations, and so is enormously weaker than the Coulomb force. Gravitation, in this view, 
appears to be a long-range interaction akin to the van der Waals force. 

The ZPF-driven ultrarelativistic oscilla '<ons were named ZiUerbewegun^ by Schrodtnget. The Puthoff anal¬ 
ysis consists of two separate parts In the first, the energy of the Zitterbewegung motion is equated to 
gravitational mass, (after dividing by c^). This leads to a relationship between m, and dcri'odynamic 
parameters that is identical to the HRP inertial mass, m,, apart from a factor of two. This factor of two 
is discussed in the appendix of HRP, in which it is concluded that the Puthoff should be reduced by a 
factor of two, yielding m, = precisely. 

The second part of Puthoff’s analysis is more controversial. He quantitatively examines the van der Waals 
force-like interactions between two driven oscillating dipoles and derives an inverse square force of attraction. 
This part of the analysis has been challenged by Carlip (1993), to which Puthoff (1993) has responded, but, 
since problems remain (Danley 1994), this aspect of the ZPF-gravitation concept requires further theoretical 
developmeni, in particular the implementation of a fully relativistic model. 

Clearly the ZPF-inertia and the ZPF-gravitation concepts must stand or fall together, given the principle 
of equivalence. However, that being the case, the Sakharov-Puthoff-type gravity concept does legitimately 
refute the objection that “the ZPF cannot be a real electromagnetic field since the energy density of this 
field would be enormous and thereby act as a cosmological constant, A, of enormous proportions that would 
curve the Universe into something microacopic in siie.” This can-.ot happen in the Sakharov-Puthoff view. 
This situation is clearly ruled out by the elementary fact that, in this view, the ZPF cannot act upon itself 
to gravitate. Gravitation is not caused by the mere presence of the ZPF, rather by secondary motions of 
charged particles driven by the ZPF. In thu vieia it ia tmpotaibU for the ZPF to give rise to a cosmologiccd 
constant. {The possibility of non-gravitating vacuum energy has recently been invesiigated in quantum 
cosmology in the framework of the modified Born-Oppenheimer approximation by Datta [1995].) 

The other side of this argument is of course that as electromagnetic radiation is not made of polariiable 
entities one might naively no longer expect deviation of light rays by massive bodies. We specu'ate however 
that such deviation will be part of a fully relativistic theory that besides the ZPF properly takes into account 
the polarization of the Dirac vacuum when light rays pass through the particlc-antiparlicle Dirac sea. It 
should act, in effect, as a medium with an index of refraction modified in the vicinity of massive objects. 
This is very much in line with the original Siakharov (1968) concept. Indeed, within a more general field- 
thcorctical framework one would expect that the role of the ZPF in the inertia and gravitation developments 
mentioned above will be played by a more general quantum vacuum field, as was already suggested in the 
HRP appendix. 

SUMMARY OF POUR TYPES OF MASSES AND IMPOSSIBILITY OF ' EOAT’VE MASS: 

The proposed ZPF perspective associates very definite charged particle-field ir.L . iio.ns « ith each of the 
four fundamental masses: inertial mass, active vs. passive gravitational mass ? viatic .cat mass. It 

is important to be clear on the origin and interrelation of these “masses” when co. i.'^iring something as 
fundamental as the possibiiitv ‘■'‘altering inertial (or gravitational) mass. 



Inertial roan ia teen as the reaction force due to the asymmet: y of the perceived ZPF in any accelerated 
frame. A flux of ZPF radiation arises in an accelerated frame. When this flux is scattered by the charged 
particles (quarks or electrons) within any object a reaction force ;B generated proportional to the acceleration 
and to the proper volume of the object. This immediately rul» out any science-fictiomlike possibility of 
“negative mass” (not to be confused with anti-matter) originally hypothesised by Bondi (1057). If an 
observer moves to the right, the perceived motion of the surroundings must be to the left. There is no other 
rational possibility. Thus the flux scattering which is the physical basis of inertia must be directed against 
the motion since the (accelerated) motion is into the flux: an object being accelerated must push back upon 
the accelerating agent because from the point of view of the obj xt the radiation ir coming toward it, which 
in turn points back upon the accelerating agent. 

Active gravitational mass ia attributed to the generation of secondary radiation fields as a result of the 
ZPF-driven oscillation. Passive gravitational mass is attributed to the response to such secondary radiation 
fields. Finally, the relativistic rest mass in the E = me* relation reflects the energy of the ZPP-induced 
Zttterhexoegung oscillations. Mass is the manifestation of energy in the ZPF acting upon charged particles to 
create forces. 

THE NEED FOR A QUANTUM DERIVATION; 

Clearly a quantum field theoretical derivation of the ZPP-inettia connection's highly dcsireable. Another 
approach would be to demonstrate the exact equivalence of SE1> and QED. However as shown convincingly 
by de la Pena and Cetto (1996), the present form of SED is no compatible with QED, but modified forma 
could well be, such as their own proposed “linear SCD.” Anothei step in the direction of reconciling SED and 
QED is the proposed modification of SED by Ibison and Kaisch (1996), who showed that a modification of the 
standard ZPF representation (Eqs. 13a and 13b) can exactly reproduce the statistics of the electromagnetic 
vacuum of QED. This gives us confidence that the SED basis of the inertia and gravitation concepts is a 
valid one. 
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ABSTRACT: 

Preliminaiy analysis of the momentum flux (or of the Poyiuing vector) of the classical electromagnetic version of the 
quantum vacuum consisting of zero-point radiation impinging on accelerated objects as viewed by an incttial 
observer suggests that the resistance to acceleration attributed to inertia may be a force of opposition originating in 
the vacuum This analysis avoids the ad hoc modeling of particic-field interaction dynamics used previously by 
Haisch, Rueda and Puthoff (1994) to derive a similar result. This present approach is not dependent upon what 
happens at the particle poitu but on how an external observer assesses the kincmatical cliaracteristics of lire zero- 
point radiation impinging on the accelerated object A relativistic form of the equation of motion results from the 
present analysis 

INTRODUCTION: 

It was recently proposed (by Haisch, Rueda and Putliofi(1994), henceforth HRP), that the inertial proper!; of matter 
could originate in interactions between electromagnetically inleracUng particles at the level of their most fundamental 
coit^nems (e g., electrons, quarks) a: '’ the quantum vacuum (OV) This general idea is a descendent of a 
coryecture of Sakharov (1 %8) for the case of gravity that can be extended by the principle of equivalence to tlic case 
of inertia. In the accompanying paper (Haisch and Rueda, 1997), we give more references and fuitlwr discussion 
pertinent to this point The approach of stochastic electrodynamics (SED) was used in HRP to study the classical 
dynamics of a highly ideali:'?d model of a fluidamental particle constituent of matter (lliai contained a ‘parton’’, i c , a 
surrogate for a very fundamental particle component) responding to the driving forces of the so-called classical 
electromagnetic zero-point field (ZPF), the classical analog of the QV 

The piimaiy purpose of the endevour reported here is to find a simpler approach, which attempts to avoid 
drawbacks and model-related issues in the approach of HRP (see Cole 1997, Cole and Rueda, 1997), by e.\aiiuning 
how an opposing flux of radiative energy and momeiXum should arise under natural and suitable assumptions in an 
accelerated frame from the viewpoint of an inertial observer and w ithout regard to details of particle-field dyaiinics. 
i.e., independently of any dynamical models for particles. Usirg relativistic transformations for tlic electromagnetic 
fields, It is argued that upon acceleration a time rate of change of momentum densih or momenium flux w ill ansc out 
of the 2TF, and that this turns out to be directed against and linearly proportional to the acceleration. This arises 
after evaluation of the ZPF momentum density as it appears at a given pouit in an accelerated frame S, to an 
mdependent inertial laboratory observer due to transformations of the fields from tlie observ er's inertial laboratory 
reference flame, I«, to another inertial frame I, instantaneously comoving with the object and 6t»m the viewpoint of 
the observer in the laboratory inertial frame !• Absorption or scattenng of this radiation by tlie acrrleiated cliarged 
particle will thus result in a force opposing the accclcratioa yielding an f = ma relation for subrci. U' i.'^uc motions 
(Vectors are svmbolized throughout by boldface letters or by an arrow or a line on lop of the Ict'.c', 

ZERO-POINT FIELD AND HYPERBOLIC MOTION: 

We assume a non-inertial frame of reference, S, accelerated in such a way ihat tJie acceleration a as seen from a 
panicle fi.vcd to a specific point, namely (c‘/a, 0,0), in Uie accelerated system, S, remains constant. Such condition 
leads as in Boyer (1984) and HRP to the well-known case of hyperbolic motion (see e g Rindler, 1991) Wc .igain 




repteseiM the classkal electromagnetic ZPF in the traditional form and assume the same three efetence systems h. It 
and S, as in HRP and originally introduced in Boyer (1984). 1* is the i leitial laboratory hame S is the accelerated 
fitame in which the particle is placed at rest at the point (eVa, 0,0). t is the particle proper time as measured by a 
clock kx:ated at this same particle point (c^/a. 0.0) of S. U is an inerial system whose (eVa, 0, 0) point at proper 
time T exactly coincides with the particle point of S. The acceleration of this (eVa, 0,0) point of S is a as measured 
from It. Hyperbolic motion is defined such that a is the same lor all proper times t as measured in the 
corresponding It frames at a point (eVa, 0, 0) that in each one of tlicsc I, frames instantaneously comoves and 
coinci^ with the corresponding particle point, namely (eVa, 0, 0) of S. At proper time t - 0, this particle 
point of the S system instantaneously coincides with the (cVa. 0, t>) point of !• and thus I* = U (t = 0). We 
tefc' to the observer's laboratory time in I* as t*. chosen such that t* = 0 at t = 0. For simplicity we let the particle 
acceleration a at proper time r take place along the x-ditection so that .i = ax, is tne same constant vector, as seen at 
every proper time t in every corresponding It system. The acceleiation of the (eVa, 0,0) point of S as seen from 1* 
isa> = Y;'^* We take S as a Tigid* frame. It can be shown that as a consequence the acceleration a is not tire same 
for the different points of S, but we are only interested in points inside a small neighborhood of the accelerated object 
(Rindler (1991)] Specifically wc are interested in a neighborhood cf the object's central point that contains the 
object and within wl ich the acceleration is everywhere essentially the same 


Because of the hyperbolic motion, the velocity u,(t) = cP, in S with respect to I*, is 



attd then 

y, =:cosh^“ 


( 1 ) 


( 2 ) 


The ZPF in the laboratory system 1- is given by 


(3a) 

(3b) 

R. and t* refer respectively to the space and time coordiriates of the po j* of observation cf tire field in 1*. At t • = 
0, the point R« = ( cVa)k of I* and the particle in S coincide. Th- phase term {6(k, X)} is a family of random 
variables, unilbrmly distrib<*led between 0 and 2x, whose mutuallf independent elements are indexed by tlie 
wavevector k and the polarization index X Furthermore one dcfinct, 




h(o 

ije 


(4) 


fhe coordinates R« and tirre t* refer the particle point of the aoelcrated frame S as viewed from [« Wc, for 
convenience, Lorentz.-transform the fields from I* to the corresponding It frame langenlial to S and then, onulting for 
simplicity ^o display explicitly the X andk dependence in the polari ation vector 



we obtain 


£ = 


r5a) 


(5b) 

where the zero in the argument o^'the It fields, E*' and B** actually means the It spatial po; '• (c^/a, 0, 0) Here we 
observe that we take the fields that correspond to the ZPF as viewed from every inertial frame It (whose (c'/a, 0, 0) 
point coincides with the particle point (cVa, 0, 0) of S and instantaneously comoves with the particle at tlic 
corresponding instark of proper time t), to ^'■so represent the ZPF viewed instantaneously and from the single point 
{c-/a, 0,0) in S, 


r select space and time coordinates and orientation in I- such that 


R.(t) X = 


coshl^l 


(6) 



a K c J 


From the equations above one obtains [1, 4) 


+ pcosh|^—- tanh^—x ]-t 2 cosh|^—j|^t\ + tanh|--j^^ x j| 

X Wjp(ry)cos|)(, — cosh| — sinh|-- j - 0(k,A)| 

(Ka) 



x|i(i X £)_ X X » i), - 

>'ff,(®)«4*. 7«»'{7) -(7 )“”'’(t j" -‘l] 

(«b) 

Tilts is the 2PF as tMstartaneoitsly viewed from the particle fixed to the point (c^/a, 0, 0) of S that is peifonning 
the hj-petboiic Bicti<m. 

INERTIA REACTION FORCE AND THE ZPF MOMENTITVI DENSITY 


First we consider the foUowitig shnple Quid analogy invofvugas a henistic detsce a constant velocity and a spatially 
varying density in |dace of the usu^ f^'pcsbolk motion throi^ a imimnn vacuum mednun. Let a snail geometric 
figure of a fixed proper vtdume . move in^MBiiy with subrelativistk: velocny v akmg the x-directhm. The 
vohone V, we unagine as shrays imneised m a ftnd that is ooliof^, homogmcois wd a rest, exeqx such that «& 
density p(x) increases in the x-<htcciion bat is latfxm in they-and z-Jirections l^ce, as this smaB fixed voinme 
V, nnwes in the x-direction, the mass enclosed in its vtdnmc, V,p(x;:, motases In an inertiid fimne at rest wilfa 
respect tc the ^omeiric %uie the mass inside die vohmie Vop(x), is s^en to gnnv ConcomitmMly d is realized that 
the vtdmne V„ is sweeping through the ftiid and d^ this V^x) nia!f grows because there is a net influx tif mass 
coming uilo V„ m a direcnon orpunle e the duection of the vekicify v In an analoeous fashion . fbt the mne 
coffl|dex snuabon enveaged m tins paper, am^mteously with the steady powth <tf die ZPF rnmnentum comarned 
withui the voluiae ci the ol^ect discn«»d above, the object is swcqh ^ through the ZPF of the I* iiertiai observer 
midfoi hunthoeisaiietuitotti' momcaiun density cormngfiom the background iiio the object and in a direction 
<^q[wsire to that of the velocdy of Uk direct. 

As I. is the ZPF radian background of I>m the act id'being swept dumigh by the particle which we are calculating 
now, wc fix our rBenoon on a fi»d point of L, say the poiiX of die observer at icVa. 0, 0) rf I*, dial momeit^ily’ 
coincides with the object at the object pngier tune x = 0 »vi consKle: that point as referred to the inertia: frame h 
that ii>sananeous)> will coincide with the object at a future gencralisd object proper tunc x > 0. Hence wc 
coFpute the I, -Poyntuig x-cctor. but ev-alujied lU the (c'/a, 0.0) spac< poua of the 1- ircrtial franc, namely m 1^ at 
the Itspacc-uinenoint 



Jl 



- 


= 0 , 


( 10 ) 


where t,, the time of I, is selected !:uch that t, ^ 0 at proper time t when the paitick comoves and coincides with the 
(cVa. 0,0) poim of L . This Poymiig vec jr wc steD dende by N.** Everything howevc’ is uWnialefy reicned to 
the h inerti^ fiame as that is the fia-ne <d the observer dtat looks a the object and whose ZPF background Ur 
moving object is sweeping tV.iogh In order to accomplish this we first compute 



(£’(0, r) X ^’(O. r))= 

- r'.iiE^-fi. ?x.)-(£-. *PA-Pr- *P.F-A) 

(II) 


that wt use in the evaluation of the Po>’ming vector 


NT=—(e 7 >(B7) =x~{E^{0,T)y B^{0,T)), 

4jr\ /. 4x ^n) 

Hk BUegrais aie sow taken with respect to the !• ZPF background as that is the background that the I-observo- 
consideis the abject to be sweepuig dvDugh This is why we wiU denote tins Pwnming vector as N. with an 
asterisk sbNndex instead ofa t subindex, to imiicale that it refen to the ZF¥ of U 'bsefve that in eq.(l 1) die term 
proportional to the oniinvy ZPF Poyning vector of h, vanistics The net amount of nomcntian of the background 
the parties has swept through afto^ a time t<. as judged again from the !• frame viewpoint, is 



(13* 


We can congxtte Eqs. (12) and (13) ui more det^i This as well as nvuiy other details or. the anah^ will appe.-ir 
^ewhete (Riieda arid Hwch. 1997>. The Poyntiqg vectw th^ the radiation shoidd have at the (c'/a,0,0) potiK of !• 
but referred to !• with the coordinates of eq (11). can be shown to be 






c 8;r 
4;r 3 



i C / 


(14) 


wIcFC £ and B stand for £^(0. t) and Et(O.t) respectiveiy as in the case ofeq< 12) and where as in eqs (I I ). (12; 
and (13) the integnuion is understood to proceed over the k*sphere cf I* The panicle now is not ir uafoim but 
uKtead in accclcr^cd nodoa If suddeidy. at prt^r time t. the motion were to swUch from hyperbolic back to 
uniform because the acederating action disanieaied, we would just need to replace in eq (14 ) the constait rapidity 
p at that instani for ax, and pt in eq (I) would then become tanh (p/c). (But then N> ’’’ would cease to be. for aB 
times onward, a function of T and foree expressions as eq.(17* below would vanish). Observe that we aakeoqiiicN 
(he t dependence of this as well as (d' the subsequent quantities below . N*'’’ (x) i^Mcseots energy fhrx. i e.. energy 
per unit area and per unit tune in the x>direction It also implies a parallei. x<diroctcd momemum density, i.e., field 
momentum per umt volume incoming towards the particle positioa (c‘.''a. 0.0) of S. at particle proper time x and as 
estimated from the viewpoint of 1-. Explicitly such momentum density is 

g. Ur) = - 7 —= -X— -sinh - I rj(af) - —- 

t‘ 3 4;rc \ c In c 


(15) 



iyheieitc«owia i D d HceilKfleqiiency-<l ty^ i w tcoi^>liwgcocfick w ^ q(u) & 1.Ihj*yjsihifiesthefiiction of 
l i M oqil i OBOr iTMirri wgaaKhfiBqiieacy- Let V. be the |MQp» ^-^lune of ite particic, nmdy the votew dw the 
pablicle las in die icfeRKc fane it where it BOBOttnoasly Mies at proper time T. Frem te viewpcMoi 1*. 
however, sui^ vohaae is then V> > (l/y,)V. becaase of Lokisz ooiSiictioa The mxmmI cl mMaesDrai due to the 
ladiMiOBaKidetlKvohBse of the panicle aoooiduig to I*. Le, the ndiaioniBOBKfltuiii in the vohiincid^the particle 
viewed at the labwaioty is 




whkb is agaiaeq. (13). 

Ai fMooer tune t = 0, dc (c^^0,0> poiai of dw i abotatoiy iaeitial system !• insoiSaiieously coincides and comovcs 
wididKpa«idepoitooftheRi a dter6aPKSiswfaidithepaitideisfi«ed. The observer located at x. = cVa. y = 0. 
z* = 0 inrtaMaaeouily. ts f> co ia cides and oonoves with the paitde but because the iaiter is acoeleialed wsh 
ooosuni accekia t ioa a, the particle ocacord b y $o I* slio^ receive a time rate cl daitee of incoming ZPf 
momeMHBoftiMfonB 


dp7 J_ dp7 , 

di. r, dt 

(17) 

Wc postmiak that such rato of change any be identified wrth a force fimn the TP? oa the particle. Such 
n a ei pie lrt ioa, ntaitively at least, looks aatoial. If the panicle has a jMoper vohane V^, the force exerted on the 
|inti^bydKradialioafromtbeZPFassenuil.M I'^Oisthen 



is an mvthMt scalar with die di to r nsi o n of mass. Obsene that ia eq.()9) we have neglected a &ctor of 4/3 that 
should appear nadiiplyiiig in firoai Such fiKtor must be negieded lecause a fidiy covariant analysis (Rueda and 
Hhsch, 1997) shows ttaat it th sa pp eai s. The o o ncymdiiig form of m, as written (and wrthout tte 4/3 &ctor) is 
suKeptible of a artural iaac i piet at ioa: InertiainBss is die nassoftfaecneigyoftfae ay radiation enclosed within the 
particle and that does actually inleract with it ( tKo' factor in theimegrand). 

THE ZERO-rOINT FIELD MOMENTUM CONTENT 


LunrtatioiB in the space preverts us fiomdiscuaiagtfiiinponantcoBolemeiiiaiy approach to the previous one. Tlic 
e w resp ondi ng nafysis is however similar to that above and will be diqilayed in Rueda and Haisch (1997). It 
produces insteiul of the tone rato of p**- the tine lato of p>. the moinentuin corterl of the particie The analysis 


70 



yidds a aalanl irtei p i t tt l i on. The follow^ fettmt deserves special dtenioiL After the acceteiation proce.: ‘s 
c oB ^t l eted, from de pout of view of an imtid observer attached to the slalionaiy laftxsttoiy frame there :> 
a sso d Med witt die body m notioa a net fhix of momeaum deasity in the sunounhog ZPF. In other words, on 
riirtdMiitg da 2FF «ome—n cnattmed in the object as refetenoed to the observer’s own inetdal frame, the 
observer would ooachide dot a certain MMurt of maaeBtum is mstananeousiy ctMtained within the ]Moper volume 
Vo of Oe moving object This momra t um is diiecdy related k> what woidd normally be called the pl^'skal 
B of tte dbjecL rafrntaard whh respect to hs own frame the object i relf would find not net ZFf 
a hsdf, consisient with the view that one’s own nnomentum is necessarily always zero. 

RELATIVISTIC FORCE EXPRESSION 

From the definitioa of the moraentom in eq.<16), from eqs.(17), (19). and Newton's third law H immediately 
follows that dK monKntum of the particle is 

p - m 7, cp^ 


(20) 

in exact agreemein wdh the mmneraum e^quession for a moving particle in special rdathity The expression for die 
space vector componeni at the four-force is then 


F- r.f * 

( 21 ) 

and as die force is pure in die sense ofRinfieT (1991). after droppii^ the - sifoitdcx the correct form for the few- 
force immediately follows 




( 22 ) 


in the ordinary way anticipated ifoove 
CONCLUSION 

As the ex;»essioa for the ZPF reaction force of eq (18) dqrends only on the • Aunanecus value of the acceleration 
nnposed on the acoderaied object by the acceletrtting agent, it arguably foihnvs that tins ±scnre of any memoiy 
e&cts, i t . of ai^ expresskm in the force that reveals its underlying unidirectioiial hyperbolic motion origui. permits 
to leaddy genetaiize the argumeit tc imKh more geicral type ei motions. Further relevant features of the general 
argimcni (Rueda and Haisefa. 1997) not mettooned here are a fully covanant caknilatioa a ttascussion aixl analysis 
ofthe chancier ofdtek-spaceimegrations and a more detailed evaluation ofthePoynting cross products Thesewiil 
also be presemod in Rueda and Haisch (1997). 
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The TK. aet art.^ dwcuoaeai material to be presmted at a oonfcnnoe entitled, "Bieakthrough 
Propubioa Pbysics Workshop," in August, 1997, at NASA. Three topics involving electromagnetic 
eero-poitit (ZP) radiation will be discussed here that appear to be of interest to the workshop, namely, 
the poasible relation of electromagnetic ZP fields to inertial mass and gravity and a propnaed process 
involviiig extracting energy frmn the vacuum. All three topics have been rhscussed in the literature 
in relatively recent years. In particular, a proposal was made {H. E. Puth<^, Phys. Rev. A 39 2333 
(1989)] that the ekctromagnetic ZP firids are the fundamental faasb for the gravitational interaction; 
bter, a related proposai was made {B. Haisch, A. Rueda, and H. E. Putboff, Phys. Rev. A 49, 678 
(1994^ that them fields are also the origin lor inertial mass. As summarised here, unfortunately, a 
detailed examination of the specific steps in the cakuiatians supportmg these two proposals show 
that several of the critical steps in the analyses have severe problems. Regaidiiig the third topic, 
however, of extracting ener^ from the vacuum, this procKs does seem feasibie. The main question 
here is whether a fresh perspective on ZP energy will enable viable .oieigy extraction processm to 
be developed that are not already in existence. 

I. INTRODUCTION 

Three areas of research will be desmbed ho’e that appear to be of close interest to the present coaference entitled, 
“Breakthroagh Propubion Physics Workshqn.” These three areas are: (1) the reaction force of electromafpMtic zero- 
point (ZP) radiation on an accelerated electric dipole oscillator, (2) the asymptotic analysis the van der Waals 
forces between electric dipole oscillators, and (3) the thermodynamics of physical operations involved with extracting 
miwgy from electromagnetic ZP radiation. Most of the present article will concentrate on the first topic of the reaction 
force from ZP radiation. 

What relation do these three apparently very distinct topics have to each other and what relation do they have to 
“propukioD physics?” All three areas are relaU d to proposals by others for constructing alternative physical means for 
^mce travel [Ij, (2). As I have recently learned when approedted about this workshop, to seriously cotwider interstellar 
travel within one's lifetime, sign^cant breakthrough.^ in the use of new physical ideas and methods are required. More 
specifically, the types of propulsion for space travel that the scientific community fe familiar with, or even the types 
that at least seem reasonably feasible given our present level of knowledge, such as propulsion via chemical, fission, or 
fusion methods, would all require far, far longer times than a typical human lifetime to travel from our solar system 
to the next nearest star (Alpha Centauri). Moreover, the present known methods for propulsion would all require 
incredibly enormous quantities of fuel, making such a trip essentially impossible for any reasonable flight time that 
one might want to consider. 

The first two of the three topics that will be discussed here involve my investigations on proposed ideas by others who 
have attempted to explain gravity and inertia as arising from the effects of electromagnetic ZP radiation acting on 
matter [3], [4). Other people [l] have sor-ie hopes that such a connection, if true, might enable means to be found for 
manipulating gravity via methods more familiar from electromagnetic work {5j. The third topic that will be discussed 
here on energy extraction from ZP radiation has been stated to be of interest to this workshop since there is a need 
to “discover fundamentally new on-board energy production methods to power propulsion devices.” [6] 

*n this article I will cover these tnree topics sequentially, then at the end give some concluding remarks. Briefly, 
however, my outlook at this point is that for the first topic involving the reaction force from electromagnetic ZP 
radiation on an accelo-ated system, there is indeed soim; very interesting physics to report, and more to explore, but 
this mechanism does not appear to provide the fundamental explanation for inertia proposed m Ref. (4). For the second 
topic, Puthoff [3] has proposed that gravity may be explained as the result of a van der Waals like mechanism between 
distant particles, due to a correlated jiggling motion caused by electromagnetic ZP radiation. Likewise, as with the 
first topic, this proposed mechanism looks doubtful to me. FinalK, regarding the third topic of energy extraction 
from the vacuum {7j. [8], (9), this concept seems quite reasiwable. The question here, however, will be whether or not 
viewing energy extraction in this manner will prove to provide new practical energy extraction methods. 
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n. STOCHASTIC ELECTRODYNAA4ICS 

Before covering these three topics, 1 need to mentioQ that uiy wxk has all been addressed using the methods of 
a theory often called “stochastic electrodynamics,** and usually abbreviated as “SED”. The first two topics 1 will 
report on certainly rely on the calculationai methods of this theory, while the third topic of “energy extraction” does 
not. Stochastic electrodynamks is a theory that treats the moveir ent of classical diarged pmticles via ccmventional 
classical electrodynamics, namely, via Maxwell’s equations and the relativistic generalization of Newton’s second law 
of motion. However, tme additional feature is included, namely, tb< assumption is made that as the temperature of a 
th^modynamic system is reduced to zero, the thermal dectromagnetic relation present does not simply reduce to 
zero, but rather to what is called the “zero-point" spectrum given /)(w) = ^ 

The {allowing reasoning {vovides one of the main motivating fectors behind the theory of SED, nan^y, that one should 
not consider the equililxium behavior of classical charged partkies Ji isc4atk>n from the thermal equilibrium behavior 
of electromagnetic radiation. As classical charged (wrticies intera.:t with each other, they naturally acceferate and 
deacoeierate during their trajectories, tbetei^ radiating efectromagnetic radiation. Indeed, as two of^xjaitdy charged 
point dtarges rapidly approach each other, the radiated energy rcughly rises inversely proportioDd to the distance 
between them. Hence, radiation must be a very key component of any system that might constitute a thermal 
equilibrium situation for classical charged paiticles. Indeed, because of Eamshaw’s theorem [10], we know that a 
sy^em of classical diarged particles cannot exist in static, stable xiuilibrium. Thus, if an equi]3>rium situation for 
classical charged particles ia at all possible, then the charges must >e following a fluctuating, oscillating trajectory in 
space. A seif consistent picture is then obtained when one realizes t lat the dectromagnetic radiation ariang from this 
flimtuating trajectcxy must dfect the trajectcx-y of other partkies and must be an integral peat for miabling thermal 
equilibrium to be obtained between partkies and radiation. This concept is actually a fairly natural one for most 
people when they think of a system at a temperature T > 0; i.e, it is commonly accepted to think of a thermal 
fluctuating syst«n with an average energy of the fluctuations dictated by T. Since the early 19005, experimentally 
we know that fluctuations also exist even at T = 0. Coid>ining this observation with the ideas about Earnshaw’s 
theorem, and the (Aber remarics above, leads SED prt^nents to believe that fluctuations between Clascal partkies 
and Helds are abo a key feature even at T = 0. 

A numbo’ of very interesting pn^iertks have been established for ciasskal efectromagnetk ZP radirtion, induding 
that the spectrum exhibits Lorentz invariance [11], {12| and that it mtisfies the thermodynamic definition of T = 0 by 
resulting in no heat flow during reversible thermodynamk c^jerstkns fw several simple eiectrodynamk systems that 
have been examined [13]- [16]. What makes the theory of SED part cuiarly interesting is that besides reexamining the 
age-old problem of whether equilibrium can exist for ciasskal diarf^d partkies, whkh at some level might be viewed 
as purely an expose of academic interest, one finds that SED sctuaily predicts the correct quantum mechanical 
properties of simpfe eiectrodynamk systems. Indeed, many per^'lc working in the area of SED have hoped that 
SED might prove sufficiently powerful to provide a very deep un< ierstanding and mkrophyskal basis for quantum 
mechanical phenomena. 

Unfortunately, to date, this hope has not materialized. Agreemen. has been found for linear systems. However, for 
nonlinear systems found in nature, SED has so far been found to y eld physically incorrect predictions. Whether this 
disagreement is the final story for SED, or whether there are inscc'tracks in the basis for the calculations carried ou'. 
to date, has not been fully settled yet [17]. Certainly, however, it is safe tc say that only a very small minority of 
physicists belkve that SED is the correct approach to adequately •lescribe nature. 

The natural question must then arise as to why would one use SED for the caxulations reported in this artkfe? At 
least three simple answers exist. First, provided one stays in the repine where only a linear system is considered, 
in particular a simple harmonic oscillator (SHO), then the results of these cakni.'ntions should be accurate. Such is 
the case for the results reported here. Second, the pbyska? concepts in SED are very clear; one doesn’t run into the 
oomplkations of quantum electrodynamics (QED) where it is diflkult to keep straight what is physically real and 
what is not. In QED, such questions become increasingly more dif icult when dealing with accelerated systems, such 
as what will be discussed here. Third, for some types of cakulatiors the techniques of SED are considerably easier 
than those of QED. Indeed, a number of cakulations in SED have laeceded ones in QED, such as with the analyse of 
the behavior of simple efectrodynamk systems accelerated through the vacuum (simple, but more complicated than a 
single partkle) [18!, or with r^ard to .some van der Waais force ca'.culationF carried out at T > 0 and at all dbtanoes 
}2l), [13]. 

For those interested. Ref,-. [’22]- [27] provide further background or SED. 
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III. INTRODUCTORY REMARKS ON RELATING GRAVITY AND INERTIA TO THE 
VACUUM 

Let nonr turn to the two of the three topics that will be discussed here. In relatively recent years, a line 
research has been pursued by a few researchers |3), (4| that has prompted much of the work summarized in the present 
section and in the subsequent one. The research being referred to here involves the poas&le r^tionship between 
gravity, in«lia, and ZP energy, indeed, PuthofT [28] has proposed that “... gravity is a form of long-range van der 
Waals associated with particle ZUterbewegun^ response to the zero-point fluctuations of the electroriagnetic 
geld.” PuthoflTs work contained calculations that he felt showed that ocs could obtain the Newtonian at^MTOAunation 
to the gravitational interaction by considering the effects of the ZP fields on creating a correlated, fluctuating motion 
between distant particles. The pursuit of this idea was motivated by an article by Sakharov [29] that proposed the 
gravitational interaction is not a fundamental physical interactkm at all, but rather that it results from a “... change 
in the action of quantum fluctuations of the vacuum if space is curved." [29] 

Using somewhat analogous mc^ivating ideas to that of Putbolf’s in Ref. [3], Haisch, Rueda, and Puthoff (HRP) have 
proposed that inertia arises due to the average resistive force that acts on matter when it is accelerated through the 
vacuum. These researcfaeis proposed, based on lengthy calculations far the bdiavior of a ^lecific particle model, that 
tlie average of the "magnetic component" of the dectromagnetk Lorentz force due to elc^romagnetic ZP radiation 
acting on the particle is equal to -m,a, where a is the aocderation and rrn is the inortial mass. More specifically, 
they calculated e (f x where the brackets mean an ensemble average, v is the velocity of an oscillating particle 

within the accelerating particle, e is the diarge of the oscillating particle, c is the speed of light, uid B*** is the 
classical magnetic ZP fleld acting on the oscillating particle. 

C^tainly if these proposals are cwrect, then this work reprints very profound physical changes to phyricists’ 
conceptions about gravity and inertia. Mweover, if correct, then it seems reasonable to speculate that inertial and 
gravitationai properties of matt^* might be alterable somewhat by modifying the stnK:ture of the vacuum, perhaps 
very mudi like what is done in cavity quantum dectrodynamic experiments [3(^. Althou^ it is far from dear to me 
how these proceduies m^ht provide practical means of aid for improved propulsion schemes, which is one of the mdn 
aims of this conference, still, 1 do recognize that this possible exi^nation for inertia and gravity, if correct, would 
open up new possibilities for controlling our environment. The key question th«i would be to what extent this can 
be accomplished. 

The authors in Refe. [3], [4] supply a number of suggestive arguments as to why ZP radiatfon should provide an 
explanation for gravity and inertia. Thdr calculations attempt to su;^>ort these arguments. Consequently, it seems 
critically important to carefully check the accuracy of these calculations. After all, no matter how much one believes 
or does not believe in the basic physical arguments, the details of sotting through the calculations, thdr predictions, 
and whether they agree with physical observation, are ultimatdy what dictates the usefulness of the theory. Reference 
(31] examines the calculations in Ref. (4j in considerable detail, carries out some corrections, and extemfo them by 
removing some af^roximations. Here, the results of some of these calculations in Ref. [31] will be reported and 
summarized. In addition, many of the physical assumptions and limitations in Ref. [4] are examined in scune detail 
in Ref. (32) and are briefly mentioned here. 

The calculations in Ref. [4], in particular, were quite lengthy, with a number of approximations made to yield the final 
results that were obtain^. The calculations were sufflcfontly complex to make it quite difficult to determine the full 
validity of the approximations, which is what prompted much of the work in Ref. [31]. As will be described here, the 
results )f .he detailed calculations that reexamine the work in Refs. [S] and [4] disagree with the major conclusions of 
these references. Consequently, the point that will be Uiade in the concluding ,'^ion here (Sec. VI) is that despite 
the very inter'^ting qualitative ideas in Refs [3] and [4], the details of the mathematics do not justify them in several 
critical ways. Ur' as the detailed calculations back up the general ideas, then we need to conclude that the gravity 
and inertia 'deas involving ZP energy as the source, are not correct as they presently stand. 

IV. REACTION FORCE OF ELECTROMAGNETIC ZP RADIATION 
Reference (4] consfo... . an electric dipole SHO that was uniformly accelerated through t*'e va, m. A specific model 
of a particle was considered that oonstste^ of an overtJl neutral particle containing an internal oecillating point charge. 
This point charge was assumed ♦<> undergo stochastic ourillations in its trajectory dm to the fluctuations of the ZP 
fields acting upon i.. The 3H0 oinding force acting on th oscillating particle essentially connecter’ to the rest of 
the composite particle. The entire system was assumed to be uniformly accele •»ted through space, meaning that as 
observed in the rest frame of the equilibriui point of the ompoaite particle (».e., the place where the Si»0 force 
equals zero), the equilibriuin point was always accelerated at a constant rate given by a. 
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Although one might wonder why the behavior of such a specifi< syston might be chosen to be analyzed when we 
know it represents, at best, only a very af^oximate description for a molecule, an atom, a nucleus, or a subatomic 
particle, probably the best reason is that for anything mu^ mere ounplicated, the calculations become extremely 
unwieldy and unmanageable. As with many papers in physics, dating back to the early papers of sudi pet^le as 
ESnstein and Plandc, often difficult calculations are done on the simplest system possible to first demomtrate the 
intended behavior, and are then generalized if at all possible ono; the pattern of the underlying physical behavior is 
understood. I believe this was the intent of ReCs. (3] and (4] Ind »d, since then, Rueda and Habch in Ref. (33) have 
attempted to generalize the results in [4] to other systems in nature |34). 

To calculate £(7 x B^^), the oscillating trajectory of the flucttiating internal particle murt be known, whidi was 
obtained in Ref. (I9j by essentially linearizing the Lorentz-£Kra>; equatmn that describes the motion of a classical 
charged particle. In this way, the velocity v can be expressed in tttma of the iMop«- time of the particle and in t^ms 
of the ZP fields acting to cause the fluctuating motioD of the inbimal particle. As done in Ref. (4j, if the coordinate 
systenn is set up so that the uniform acceleration occurs along the x direction and oscillations are constrained to occur 
in the X - y plane, then the ensemble average of tbb magnetic (omponeot of the Lorentz force, as measured in the 
rest frame of the equilibrium point of the composite particle, is given by 

Here, represents the proper time associated with the equilibrium point of the composite particle, t^. is the time as 
measured in the instantaneous inertial rest frame of this point, is the position of this equililmum point in this 
inertial rest frame, and yr. and Zr. represent the y and z posit ons of the oscillating internal particle in this same 
frame. Upon expressing yr. and Zr, in terms of the ZP fields causing the fluctuating motion and upon recognizing 
some symmetry properties, one obtains: 

= J dT’J{Ti-T,)(^E^r^OX)B"AO,r,)) , where ( 2 ) 
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Here, F = and m is the mass of the internal OKilIating particle. In Eq. (2), the quantity 

Sr.r* represents the correlation function, or ensemble average, between two components of the 

electric and magnetic ZP fields at different proper times rj and r, along the trajectory of the equilibrium point of the 
uniformly accelerated particle. 

Equation (2) can be shown to agree with expressions in Ref. [4) bel are certain approximations were made there. What is 
particuiarly interesting about this expression is that if one carries wt a calculation of (^E^Fy (0,t^) (O.Te)^ in SED 

for r' ^ r«, then in the no-cut-off limit (t.e., meaning in the limit where the upper frequency limit of the ZP spectrum 
is assumed to be infinite, so that there is no upper frequency ct t-off), one can show that (^E^Ty ( 0 ,r') ( 0 , t*)^ 

exactly equals zero. This result can be shown to agree exactly «ith the corresponding quantity in QED [35], [36]. 

Hence, one's initial reaction to the expressbn in (2) might natunJIy be that the force should equal zero. Such was my 
initial reaction, which was one of the reasons why 1 strongly susiiected that the results in Ref. [4] might be incorrect. 
Casting the equation for in terms of an integral over a cc rrelation function is what enables one to make this 
observation; Eq. (2) is different, but equivalent, to the starting cicpressioiis in Kef. [4j. My suspicion was that Eq. (2) 
did indeed equal zero, although I also suspected that there was another term involving e (z ■ that needed to 

be calculated that might contribute in an important manner. 

However, Eq. (2) does not equal zero. Although I did not arrivt at the same results that HRP did, due to a number 
of reasons that I will roughly explain here, neither did I obtait a zero answer. The reason for this is that one has 



to be very careful when carrying out the integral in £q. (2) over r^, as the correlation functicn does not equal 
zero when = Tg. Instead, the correlation function is siugular at. this point. Consequently, one needs to use more 
sophisticated techniques for dmling with this singularity while integrating through it. Reference [31] describes how this 
was carried out. Roughly, though, it involves first evaluating the integrand in Eq. (2) when a finite upper frequency 
limit is assumed for the ZP spectrum. For a finite upper frequency limit, the integrand is no longer singular, so the 
int^ration can then be safely carried out. The result is that Fm,x can be expressed as a function of the frequency 
cut-(^, at which point one can then examine taking the no cut-off limit in the spectrum. 

Several approximations made in Ref. (4] were removed in (SlJ, including a small velocity approximation involving Eqs. 
(20) and (21) in Ref. {4], whidi can be shown to be invalid when carrying out the integral over alt r' in Eq. (2). Also, 
the exact expressions were obtained for J (a) in Eq. (3), from which a full expansion to any order in F can be made. 
Finally, an accurate method was frnmd to express the correlation function [37], 

Cm,, (t' - Tg) = (0, Tg') bZJ;, (0, Tg)) , (4) 


while integrating over the product of J (t^ — Tg) Cm,, (fg — Tg) in Eq. (2). These steps led to the recognition that the 
step in Ref. [4] of neglecting the r' > Tg part of the integral in Eq. (2) was not cesrect f38j. 

Correcting these steps lead to the result that the average of the ZP Lorentz force, as expanded in the ZP spectrum 
cut-off parameter a {37j, is given by: 
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If the Tg > Tg integral contribution in Eq. (2) was neglected, as was done in Ref. [4|, then the first term above that 
is proportional to l/(T^, would not have dropped out, as the t' < t* contribution to the integral in Eq. (2) equals 
-^1 - 3 while the Tg > Tg contribution equals the exact negative of this quantity. This term is closely 

related to the result of 
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whidi HRP obtained as their final result of Eq. (109) in Ref. {4j, when using their sharp cut-off model that treats the 
ZP field as being sharply cut off above all frequencies larger than Wg. Clearly, then, the Tg > Tg integral contribution 
must be retained. 

Consequently, unfortunately, despite many of the interesting and suggestive ideas in Ref. [4], at present, the detailed 
calculations do not support the authors’ prc^xisal in Ref. (4j. FVom Eq. (5), we see that the “magnetic” component 
of the ZP Lorentz force does cause a resistive force proportional to the acceleration, but this SED result does not 
become large as the cut-off in the ZP spectrum is remo.ed (ie., as n -* 0); this result, although quite interesting, 
hardly seems able to provide a fundamental explanation to inertia. Instead, this result shows that the ZP field can 
cause mass corrections, a result long known from QED analyses. 

My belief is that <,he SED calculation of the “electric” contribution to the ZP Lorentz force, namely, the contribution 
from e (z • will prove to be more interesting, but I do not believe that the result will lead to a new fundamental 

explanation for inertial mass in the manner described in Ref. (4]. Calculations on this term are .still in progress. 

V. ASYMPTOTIC ANALYSIS OF THE CASIMIR-POLDER EQUATION 

The following analysis regarding work in Ref. [3| was contained in a letter 1 wrote to Dr. H. Puthoff in 1993 [39]. 
Earlier, I had become aware of the as yet unpublished work in Ref. (4j. While investigating HRP’s reasoning, 1 
reexamined Puthoff's proposal in Ref. [3| for explaining gravity based on ZP fields [3], since the possible correctness 
or incorrectness of that proposal might be tightly coupled to the same outcome for HRP’s proposal that the ZP fields 
were also responsible for explaining inertia. Unfortunately, my analysis of Ref. (2), as outlined here, did not support 
Puthoff’s proposal on gravitation Sir.ee that letter, K. Daniey worked with Prof. A. Rueda and wrote a Master s 



thesis [40] that came to the same conclusions as my letter, although he and Rueda held out hope that a rdativistic 
analysis might yield results in line with PuthofTs original suggestion. Unfortun^ly, I am unaware of any evidence 
to either support or not support this hope, so at present 1 do not share this optimism. 

Briefly, PuthofTs work in Ref. |3| referred to the Casimir-Polder po'.ential between polarizable particles as an appro¬ 
priate starting point for his analysis, where this potential is given by; 
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Here, R is the distance between the two partkks, and PuthcfF considered the case where the two particles were 
SHOs with resonant frequency mq and polarizability given by a = e^/ (mijg). His treatment in Ref. [3] considered 
only the nrst term in brackets above |4lj, in which he substituted u«o = 0 into the integrand and then supplied some 
arguments to support that this term would result in a 1/R dfective potential between particles. Later, in response 
(42) to a criticism by Carlip [43] on the mathematical st^ used in Ref. [3], he gave some additional arguments and 
different reasoning to still yield this 1/R effective potential, now emphasizing that there should be physical reasons 
(or imposing cut-offs in the integration that enable this 1/R form ti be obtained. 


Some of the points made in Ref. [39] were that (1) one cannot sin ply extract the first to-m in Eq. 7, as all of the 
terms contribute on a roughly equal footing in the large distance >-e^me, and (2) one can directly analyze Eq. (7) 
without imposing approximations. By making the substitution of w = uR in Eq. (7), one obtains; 
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Thus, U{R) has a functional fwm of 1/R® times an integral that depends on where each of the i^rins in the 
Casimir-Polder integral make an important contribution. In Eq. f', one can also replace the upper limit of infinity 
by an upper cut-off, such as might be imposed if the ZP spectru n was thought to be cut off at sufficiently large 
frequencies If a 1/R potential is to emerge for the form of U (R), under whatever limiting conditions one imposes 
{e.g., huge R, small etc.), then I (b) must result in a depend ;nce under these conditions. 

HowevCT, a full evaluation of Eq. (9) does not reveal any such dependency, even if one imposes a reasonable upper 

ZP spectral cut-off limit. Instead, as shown in Fig. 1, at large b = uuR/c, I (b) is bounded by the asymptotic van der 

Waab expression of 

lr{b) = jb-\ (10) 

yielding an overall 1/R^ dependence for U{R) in thb regime. At siiall b, 1 (b) is bounded by the unretarted van der 
Waab expression of 

= ( 11 ) 

yieldiag an overall l/fl* dependence for U{R) in thb regime. At no point either between these extremes, or at these 
extremes, b there any behavior that remotely approaches a b^^ dep mdence that would be required to yield a net 1/R 
dependence for U(R). An upper ZP frequency cut-off does not sub .-tantially change thb analysb. 

In Ref. [42], Puthoff added the additional argument that to obtain a net 1/R dependence in potential, an upper 
effective frequency limit of Wi needed to be imposed in the integration, where < w^, followed by the condition that 
the limit of iJo -♦ 0 was to be taken. In hb justification for thb easoning, he used an argum .nt by Boyer in Ref. 



[44] that only the low frequency contribution of the interaction between polari 2 able particles sho ild be effective in 
yielding the long range attractive force due to correlated motion. This argument is indeed valid; however, ai^lying 
this reasoning leads to the retarded van der Waals expression in Eq. (10) with its \/BiJ dependence, rather than 
to any XjR dependence. If the additionai constraints are imposed of an upper limit of Wj in the integratbn, with 
tJi < md, as well as that the limit of —* 0 be taken, then this procedure is equivalmit to sajing that additional 
physical effects need to be imposed that are not present in the full Casimir-Polder expression. Indeed, afUs^ reading 
Refs. [3] and [42], one might have the impression that the Casimir-Polder expression reduces to a I/R potential if 
one could only calculate it appropriately und5r the correct conditions. Instead, the Casimir-Polder expression clear'y 
contains the retarded van der Waals expression with its l/R^ dependence as a limiting case (see Fig. I). The physical 
reasoning of the largest contribution to this result bdng due to the small frequency regime is indeed correct and 
is not an additionai requirement that needs to t: imposed when evaluating the integral in Eq. (7). Instead, the 
requirements of Putlioff in Ref. |42] involviiig w;, u; < tan, and »0, constitute additional physical impositions that 
are certainly not contained withi*. e Casimir-Polder equation. Indeed, I am not aware of physical mechanisms that 
would result in these impositions. Consequently, without additional justification available, 1 belie* e it is necessary to 
conclude that Puthoff s conjecture that the gravitatioDai attraction fe due to ZP fields, is incorrect. There may be 
other ties between ZP fields and gravitation, such as in Sakharov’s brief article [29], but this particular connection 
does not appear to hold. 

VI. EXTRACTING ENERGY FROM THE VACUUM 

Turning to the last topic of this article. Forward in 1984 first wrote about a possible means for extracting useful 
energy from the vacuum [7]. He described a relatively simple mechanical mechanism usinK charged conducting plates 
that are brought close enough together to allow the Casimir force to overcome the electrostatic repulsion between the 
plates, thereby enabling charge to be stored at a very high electrostatic potential energy. Indeed, some scientists have 
speculated that there may be enormous quantities of energy that can be extracted and harnessed from the vacuum, 
since the energy density of the electromagnetic ZP fields has been estimated to be incredibly large [45]. I am strongly 
convinced that there is little question that energy can in principle be extracted from the vacuum; Forward’s example 
is one simple method that should clearly work. As for practical means of generating large quantities of energy, that 
is a separate issue I will discuss in a moment. 

Two sets of questions tvnically arise during discussions about extracting energy from the vacuum. The first set involves 
the physical legitimacy of being able to extract this energy; i.e., the very concept seems like it must be violating some 
physical law, such as conservation of energy or the second law of thermodynamics. Indeed , there are a number of subtle 
issues involving thermodynamic operations at or near T = 0, such as r^arding the behavior of physical systems under 
thermodynamically reversible processes Casimir plates apart and then quasistatically displaced toward each 
other) or irreversible ones (e.ff., the same plates initially held apart, thc.i released so that they collide), or whether 
heat can be generated at T = 0 (no it cannot for reversible operations, but yes it can for irreversible ones), and 
how e energy conserved for these processes (the “vacuum” changes under thermodynamic operations, resulting in 
the net energy in ZP radiation plus the energy of the system being examined to always be conserved). Although 
subtle in some cases, at least until one clearly starts examining the issues, all of these concerns appear to be readily 
understandable and to not constitute violation:; of physical laws. References [8] and [9] go over many of these concerns 
in some detail. Reference (22] briefly summarizes some of the work in Refs. [I3j- [16] on related thermodynamic issues 
concerning ZP radiation, as well as specifically addressing the issue of conservation of energy for charged particles 
and ZP electromagnetic fields. 

The second set of questions that typically arise iuvolve the practical issues of how one might extract large quantities 
of energy from the vacuum. I am aware that there are some technologists actively working on this problem, incli:dt;,g 
Putherff, who has been working with what he refers to as a charged plasma. Since from a physical standpoint 1 am 
convinced that one should be able to extract usable energy, then it seems possible that some of these experiments will 
be successful, although I have not as yet carried out any specific investigations. Theoretical calculations should also 
be possible to estimate the quantity of energy possible in specbic situations, which should be helpful. In addition, it 
may be possible to put limits in general on the maximum amount of useful energy one can extract from the vacuum. 

I think, though, that the following viewpoint shoulu be kept cautiously in mind when considering ZP energy extraction. 
The thecH’y of SED has the perspective that the stability of atoms and molecules b due in large part to the balance 
between “energy pick-up” from the electromagnetic ZP fields and the radiated energy from electrons in their orbits. 
Although SED has not been shown to hold for nonliner-r systems in nature, still, this physical picture b carried 
over ill some ways in quantum theory, whera the vacuum field b formally necessary for stability of atoms, otherwise 
radiation reaction will cause canonical commutators like lar.pj.] to decay to ?ero unless the fluctuating vacuum, is 
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included. Consequently, much phenomena in nature, such as chemical reactions, can possibly be viewed, roughly, 
as “extractions of energy” from the vacuum, in analogy to the irreversible change of positbn of colliding parallel 
plate capacitors. After all, chetuical reactions roughly rearrange average “positions” of electrons in atoms as well 
as atoms in molecules, and typically release electromagnetic ener ;y in the process. Hence, in this sense, extracting 
energy and heat from the vacuum is not mysterious at all, but is (aily observed in common phenomena such as with 
batteries, combustion, and other chemical reactions (46]. Even hs: Jon and fusion may be similar examples, although 
such operations would then necessarily invoh’e the ZP ^Ids assoc ated with nuclear interactions. 

I don’t mean to claim that the above is true, but it may be, and on*i should bear this in mind when trying to construct 
new ideas for generating energy. If true, then the only real advant-age for specific thoughts on energy extraction h-om 
the vacuum would be that the deliberate aim of directly attempting this procedure with ZP radiation might enable 
methods more familiar from electromagnetic work to generate inventive energy extraction methods [1]. 

VTI. CONCLUDING REMARKS 

This article briefly overed aspects of the following three topics that appear to be of close interest to the present 
workshop, namely: (1) a proposal by IIRP (4j that electromagnetic zero-point (ZP) radiation may provide a funda¬ 
mental explanation for inertia, (2) a related earlier proposal by Putlu^ (3] that electromagnetic ZP radiation may 
also provide a fundamental explanation for gravity, and (3) the ext -action ^ energy from the vacuum. As summarized 
here, and as will be discussed in much more detail elsewhere [32], (3lj, the calcnlatious in [4] on the hrst topic have, 
unfortunately, been found to have some poor apiHoximations in them that when corrected, do not yield results for 
the average of the “magnetic” component of Lorentz force from the electromagnetic ZP held that fit with the author’s 
proposal for explaining the origin of inertia. In addition, there nre a number of more basic issues, other than the 
details of the calculations, that limit the intended scope and genirahty of the work in Ref. |4], such as that the use 
of the Abrahsm-Loreatz-Dirac equation in arriving at the results already contains the concept of mass embedded in 
it; these points are discussed in some detail in Ref. [32]. 

Regarding the second topic, the point was made here that the Cas mir-Pokier integral can be explicitly evaluated [see 
Bqs. (8) and (9) and Fig. 1). The approximations made in [3] ard [42] are not valid for examining the asymptotic, 
long distance behavior of the Casimir-Polder integral. Only if additional physical constraints, not included w ith!'- the 
basic physics embodied by the Casimir-Polder integral, are impo8«.-d, can the proposed steps made by Puthoff in Ref. 
[42] be justified. At present, I am unaware of any physical mechanisms that justify these constraints, so PuthofF’s 
gravity explanation appears to be invalid. 

F nally, regarding the third tc^ic of extracting energy from the vaci um, and despite what may appear to be in violation 
of one’s common sense, I do not presently see physical reasons tlat prev-mt the occurrencu of such thermodynamic 
processes. References [8] and [9] provide explanations her“. The real question ha-e will be whether this knowledge will 
aid the creation r-' sdditbnal practical methods for energy extraction that we do not already know about and indeed 
make use of presently, such as in the chemical process of combu.s'.ion. Quite possibly this additional knowledge and 
insight on the 'oi.tnbution of ZP energy to typical physical proosses will be helpful in constructing new processes, 
but that of course remains to be seen. 

As for recommenda-ions for future work, I have several. First, a deeper physici,! understanding can certainly be 
gained by continued explor.".i.ion of thi issues on inertial mass cont ibutions from ZP fields. This * >c'. is an important 
part of the renormalization program in QED and U closely rela'ei to Investigations by physiev-* i cavity c antum 
electrodynamics on effecf,ir.g the lifetime of excited atoinic states and the meaaurrxl mass of pa*Nicies. It is lar from 
clear to me tnat such work tjould have any relation to advsncs^l space propulsion jehemes but Ironti the standpoint 
of useful advanced physics, this directim >£ fx^tainly a good one that should be explored more fuiiy, both taeoretically 
and experimentally. Zero-point Ik 'is sm-ukl clearly provide a ont ‘iPution to inertial mass, although it seems doubtful 
that it car. be the full explanetio!;. After all t here ar^ certainly ot tei contt ibutions to the msasurd mass of [Kirticles, 
such as due to cleclrmnr.gnetic binding forces in composite partici s a'-d even in modeb of hindarr.ental particles [48]. 
The unique translormation properties of ZF fields, in pan.iciilar with regard to Lorentz invariance, plus their large 
niAgnitude, are undoubtedly what enable them to make .mportaij'- inertial mass contributions. 

second, since ZP energy «hould cicarly contribute to inertial o:ass, the. i ii still voik .o l^e done to Uiuave! the 
relationship of ZP fielvls and t..e gravitational interaction. Puthof made an interesting proposal that does not appear 
♦ft me to ^’old, 'out inm: is atil! tuc curious uriicle of Sakharov [29] xnd other issues involving energy, mas-s, gravitation 
and 2^ I'fcJds t.hat arc not yet set.i i;-!. Ther-3 relationships nee^J t- > be exmiiiierl inor*- deeply and piniini down. 



Third, further investifatioas should be carried out on qierifk: examines of proposed enerior extrartion lnet^tods from 
the lakcuum. lu particular, detaikd cakuiaiioBi’ should be carried out to pin d'wn the legitiina.'} of specific proposals 
aau to ^ in setting up the *o>ir.T cc ditions for ecperimentation, as wdl as on more generai issiies involving the 
Bm,.iiinin. en«gy that coaki be esctracuJ in kkalized thought experiments. 

. .,ro-point fields may well be at the heart f t ou^ny fuDctamental problenis in physics, inc!ii<iing quantum mechanicai 
effects and fnndame^al undre«tafKhngs of thermodynamics and statistical mechanics |22 - [2T|. Regarding a ^lace 
program, boaiewer, here the c:>naection <3 more difficult. For energy extraction, I can see vhere a srnall research effort 
on this iqiproact mi^ be worthwade to puistie in a (ong-range space prograiu, since there may be consideralt^ energy 
thnt can be harnessed in this manner However whis statement sh'.iaid be tempered with the statement that such an 
effort is considerabiv tess iikeiy to succeed lu adiir'ving a technoh>giraHy useful outcome than continued emphasis on 
more coaventional energy rcsou.xx.' approaches. As ibr pursuing ZP energy related ntelhods to control inertia) mass 
and gpmty. the IScebhood of IStee apppieches succeeding in a siial'c progra.-n sawn ex\reniely do*ibtf;i5 to me. 
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*So you want it simple? Well I’ll make it simple But then don’t ask me to explain 
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ABSTRACT 

The physical origin of Casimir effects is discussed together with the notion cff “ex¬ 
traction of energy from the vacuum.” 

CASIMIR EFFECTS 


Limited space, time, and knowledge make it impossible for me to to describe all that is 
significant about Casimir ifffects. I have previously studied the subject in s<Mne detail 
[Milonni 1994). Here I will summarize the most salient features and how they can be 
understood. 

Mainstream physicists regard the world at its most basis level as a set of intek acting 
quantized fields. Particles are associated with excited states of these fields. Quauitized 
fields, much like the quantized harmonic oscillator, have fluctuations in aJI states, 
including the ground or zero-p>oint state of no prides. Associated with that state is 
a zero-point energy, or actually a spectrum of zero-point energies. Casimir effects are a 
consequence of a change in the zero-point spectrum of a quantum field when boundary 
conditions are imposed (or when the topology is non-Euciidean). Brief overviews, 
including some history, are available [Milonni and Shih 1992; Spruch 1996]. 

The best known Casimir effect, often called iht Casimir effect, is the attractive 
force between two parallel conducting plates; 


F= - 


240d* ’ 


(1) 


where d is the distance between the plates. The force per unit area (F) is about 
0.013/rf* dyn/cm*, where d is in microns, giving 0.013 dyne for 1 cm plates separated 
by 1 pm. Two square plates, each 200 ft across and separated by 1 pm, are attracted 
to each other with a force of about 1 pound. It is not a large effect. 


8^ 



It has been of interest primarily because of the way Casimir first derived it [Casimir 
1948]. In free space the number of modes per unit volume in the frequency interval 
[w,u; + duj] is the well known uj*/{ir^c^)du;, and each mode of frequency u; has a zero- 
point energy (l/2)fiw. The zero-point field energy tlensity in the interval [a;,**; + du?] 
is therefore (&u>^/2ir^c^)du;. 

If instead of free space we have two conducting plates, parallel amd separated by d, 
the possible field frequencies in the space between the plates are restricted. Outside the 
plates there ^^Ie no restrictions on the frequencies. The total field energy is therefore 
different from the case of free space. As in free space, the total energy over all possible 
frequencies is infinite. The difference U between tiese two infinite energies can be 
calculated in various ways, and it turns out that the lorce F = —VU is finite and given 
by Equation (1). 

Spamaay reported the first experiments to tes. this pre«^iction [Spaamay 1958, 
1989]. By measuring the capacitance change of a capacitor connect^ to one of the 
plates, the displac«nent of a spring was determined and used to infer the force between 
two conducting plates with separatiems in the range 0.3-2 pm. Spamaay’s experimmts 
are frequently cited as evidence for the Casimir forc>;, but it should be noted that the 
relative errors in the measured forces were on the order of 100% due to errors Ad ~ 0.3 
pm caused by hysteresis in the c^;>acitor. Spamaay himself was more careful, writing 
that “The observed attractions do not contradict Casimir’s themetical predictiem.’' 

If Casimir’s prediction were wrong, a fundamerital change in our understanding 
of quantum fields and vacuum fluctuations would be required. It is highly noteworthy, 
therefore, that Lamoreaux recently undertook a new, accurate measurement frn d in 
the range 0.6 - 6 pm. In this experiment the force was inferred from the correction 
voltage that had to be applied to a c^>acitor in order to keep fixed the angle of a 
torsion pendulum attached to one of the Casimir pl.ites. Excellent agreement 5%) 
betweoi experiment and Equatirm (1) wsa obtained v/ithout any adjustable parjuneters 
[Lamoreaux 1997]. 

Equation (1) follows as the limit for perfect «>i.duct<»-s of a complicated foimula 
derived by Lifshitz for dielectrics (Lifshitz 1956; Schwinger, DeRaad, and Milton 1978; 
Milonni 1994). There is a rather large literature on Casimir forces if their interpreta- 
tion is extended to dielectrics. The first successful experiments were reported in 1951 
[Derjaguin, Rabinovich, and Chursev 1978; Milonni and Shih 1994]. 

Casimir effects also appear in the microscopic domain. The famous 1/r* van der 
Waals interaction, for instance, goes over to a 1/r’ interaction when the distance r 
between the atoms is large compared with an absorption wavelength, a consequence of 
the finite speed of light [Casimir and Polder 1948): 

. 23ftc 

V{r) = , ( 2 ) 

where Qa,ob are the static polarizabilities of atoms A,B. This, as well as the usual 
“nonretarded” interaction, can be interpreted as a change in the zero-point energy of 
the field as a consequence of the presence of the two atoms. Similarly a large part of 
the Lamb shift can be interpreted as a change in the zero-point field energy due to 
the mere preience of a single atom, which changes the free-space modes of the field 
by acting as a dipole scatterer. Casimir effects can Jsc play a role in the spectra of 
Rydberg atoms [Spnich 1996]. 



An atom near a conducting wall is attracted to the wall as a consequence of the 
dipole-dipole interaction with its image; the interaction energy goes as where d 
is the distance of the atom from the wall. But in the retarded regime of large d the 
interaction varies as 1 /d*: 


V[d) = - 


Zhca 
^ ’ 


( 3 ) 


where a is the static polarizability of the atom (Casimir and Polder 1948}. Again we 
can interpret this in terms of a change in the zero-point field energy. The transition 
from the nonretarded to the retarted interact!- n has been accurately verified in beau¬ 
tiful experiments carried out by Hinds’s group [Sukenik, Boshier Cho, Sandoghar, and 
Hinds 1993). 


VIEWPOINTS 


Vacuum fluctuations and zero-point energy hwe real, measurable physical conse- 
quoices. However, it does not necessarily follow that there is an enormous (infinite!) 
field energy out there that could be put to good use if only we were more imaginative. 
It is important, first of all, to remember that there are other ways to interpret the 
effects we have just described. 

The explanation of these effects in terms of zero-point field energy seems so nat¬ 
ural that they are often invoked as proof for the reality of this zero-point energy. 
However, underlying these explanatirms is a particular and rather arbitrary choice for 
the ordering of field operators. Different operator ord^ngs suggest different physical 
interpretations. In particular, a normal ordering of field annihilation and creation op¬ 
erators suggests that Casimir effects can be attributed entirely to source fields [Miloimi 
1994]. In fact, in a theory differing fundamentally from standard quantum .leld theory 
in that there are no nontrivial vacuum fields, Schwinger et al. derived various Casimir 
forces based entirely on source fields [S^winger, DeRaad, and Milton 1978). 

I cannot properly explain the vacuum and source interpretations in standard 
Heisenb<;rg-picture quantum electrodynamics without resorting to straiigbtforward but 
involved calculations, and it is impossible to do so here. It is also uncalled for, as 1 
have done so many times before for problems relating to spontaneous emission, the 
Lamb shift, van der Waais forces, asimir effects, and the laser linewidth [Milonni 
1994]. Here I will present a simple “toy model” to make the point. The model system 
is a laser amplifier with (small-signal) gain coefficient g and with all N atoms per unit 
volume assumed to be in the excited state of the amplifying transition. The field inside 
the amplifier is assumed to remain weak enough that we can take 5 to be constant. The 
intensity / can grow because of stimulated emission and also because of spontaneous 
emission at rate R into the field mode under consideration: 

RhujN , (4) 

dz 

where z is distance along the pencil-shaped amplifier. We will assume that there is no 
input field, so that I is generated by spontaneous emission. The appropriate solution 
of equation (4) for the intensity at the output end z = L of the amplifier is therefore 



that with /(O) = 0: 


= ). ( 5 ) 

This is the output intensity resulting from the sportaneous emission from a uniform 
distribution of excited atoms along z. 

Now let us take a different point of view, ignoring spontaneous emission but as¬ 
suming an input noise intensity Is- In this case we write dl jdz = gl with 7(0) = /w, 
so that 

V{L) = In^^, (6) 

where /' denotes the intensity calculated from this viewpoint. The claim is that the 
results (5) and (6) are equivalent if Is is the noise intrasity associated with the zero- 
point field energy (l/2)fiu; per mode. In other wort s, we can understand the output 
intensity either in terms of source fields - the spontaneous radiation from the excited 
atoms - or in terms of the amplification of the vacu-tm field incident at z = 0. 

To justify this claim, we first note that the viewpoint from which Equation (6) 
follows takes the zero-pmnt field to be a real, amplifiable fnld. This field is always 
present, so that V is never zero. In fact /' = /+ Is, wh«e 7 is the measurd>le iniaisity 
over and above that associated with the ever-present zero-point field. Thus Equation 
(6) reads 7(£) -f 7/v = 7wc*^, or 

/(i) = /„(«•'•-l) . (7) 

The equivalence of EquatkHis (5) and (6) then follows if Is = RhujN/g. To sec that 
this is so, use the gain coefficient for bandwidth Ato. g = 2ir^<^ANfw^£iufy where A is 
the Einstein A coefficient for spontaneous emission into a// modes, and write R = fiA, 
where 0 is the mode fractiem factor for mission ak>ng the pencil-shaped ampliikr. 
Then , , ^ 

Recalling again that (w*/x^c®)Aw is the number firee-space modes per unit volume 
in the frequency interval (u;, (*; + Aw), we recognize the right-hand side of Equation (8) 
as the intensity over the gain bandwidth Aw of a field of energy (l/2)/iw per mo^, 
this field consisting of ^(w^/jr’c^)Aw modes per unit volume. In other words, RhuN/g 
is the noise intensity associated with the zero-point field. 

This little analysis can be justified more rigorously by treating the electromagnetic 
field as a quantized field with boson annihilation ai d creation operators a and for 
each mode. In the quantized-field treatment the faH that {aa^} = {o^a} -f 1 leads to 
the relation 7' = I Is used above. Equation (5) follows from a ’'normal” ordering 
(afa) of field operators, whereas Eiquation (6) is derived if we work instead with “anti- 
normally” ordered field operators (oaf). 

is it better to regard the intensity at the end of our amplifier as amplified vacuum 
field energy or as amplified spontaneous emission from the excited atoms? According to 
the formalism either interpretation is possible, and neither the source nor the vacuum- 
field picture is better in principle. And the same is Irue of Casimir effects: derivations 
in terms of zero-point field energy are correct and appealing, but they are not the only 
way to interpret Casimir effects, no matter what, we read in the newspapers! 
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We can in fact explain some Casimir effects qualitatively without referring explic¬ 
itly to either vacuum or source fields. Consider an atom at a distance d from a dielectric 
half-space made up of N identical atoms per unit volume, each with polarizability a. 
Assume a pairwise interaction given by ^uation (2) between the atom outside the 
dielectric and each atom of the dielectric, so that the total interaction energy between 
the atom at d and the dielectric is 


U{d) - J dx j dy dz{z^ + = 


69fica 1 t - 1 

■ leOx d*7T2 


( 9 ) 


where in the last step we have used the Clausius-Mosotti relation between the polar¬ 
izability and the dielectric constant c. In the limit c —► oo of a perfect conductor. 


Uid) 


69fica 
160 ^ ’ 


( 10 ) 


which is within 15% of the Casimir-Polder result given by Equation (3). A similar 
calculation for two wails separated by d gives about 80% of the Casimir force defined 
by Equation (1), 

In fact, if we take into account that van der Waals interactions are not really pair¬ 
wise additive, but that the interaction between two atoms is affected by the presence 
of a third atom, then we can regard these Casimir effects as just macroscopic manifes¬ 
tations of van der Waals interactions [Milonni 1994). And van der Waals interactions 
are interpretabie in terms of source fields or vacuum field energy. But then again we 
can derive these interactions using standard perturbation theory and not worry about 
the interpretation, or even tike a stand “against interpretation^! 


TAKING ENERGY FROM THE VACUUM 


There have in recent years been clever suggestions, based on Casimir effects, that it is 
possible to extract energy from the vacuum. The preceding discussion was intended in 
part as a warning against taking zero-point energy too literally. It is possible to use 
Casimir effects to transform electromagnetic energy into other forms, but the f^mciful 
notion of “extraction of energy from the vacuum” can not only fascinate, but also mis¬ 
lead laymen or even physicists who have not had the good fortune to study Casimir 
effects. 

A simple analogy may be useful. Consider two point charges q at points Xi and 
X 2 . Each produces a Coulomb field, and the field energy is (l/8ir) f (PxE^{x), where 
E(x) is the electric field at x due to both charges. The interference term in the field 
energy, 

is the interaction energy between the charges. The field energy associated with the 
self-energy of each charge is infinite, but this poses no problem in deriving (/, because 
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to properly calculate U we must subtract from the tctal (infinite) energy the (infinite) 
energy of the field when the charges are infinitely far i 4 >art. As in the case of the Casimir 
interaction calculated from the perspective of zero-point field energy, the difference of 
the two infinite energies yields a finite interaction energy. And as in the Casimir 
calculation, the interaction energy can be regarded is the change in the field energy 
due to the existence of the bodies whose interaction energy we are calculating. 

To carry the analogy further, we can imagine electrostatic generators to extract 
energy from the Coulomb field. Such devices, of ccurse, already exist! They might 
be said to extract energy from the infinite energy of the Coulomu field. However, a 
more down-to-earth explanation would start from the fact that charged particles exert 
forces on one another. Similarly, the proposed “Casimir machines" could in my opinion 
be more sensibly described starting from the fact tha: polarizable bodie.'; exeri van der 
Waals forces on one other. 

REFERENCES 

Casimir, H. B. G. (1948) “On the Attraction Between Two Perfectly Conducting 
Plates,” Proc. Kon. Ned. Akad. Wetenschap, Vol. 51, p. 793. 

Casimir, H. B. G. and D. Polder (1948) “The Influence of Retardation on the 
London-van der Waals Forces,” Phys. Rev., Vol. 73, p. .360. 

Derjaguin, B. V., Y. I. Rabinovich, and N. V. Chursev (1978) “Direct Measurement 
of Molecular Forces,” Nature, Vol, 272, p. 313. 

Lamoreaux, S. K. (1997) “Demonstration of the Casmir Force in the 0.6 to 6 pm 
Range,” Phys. Rev. Lett., Vol. 78, p. 5. 

Lifshitz, E. M. (1956) “The Theory of Mtdecular Atlractive Forces Between Solids," 
Sov. Phys. JETP, Vol. 2, p. 7.3. 

Milonni, P. W. (1994) The Quantum Vacuum, Acad snic Press, vSan Diego- 
Milonni, P. W. and M.-L. Shih. (1994) “Casimh Fbrc«i.” Contemporary Physics, 
Vol. 33, p. 313. 

Schwinger, J., L. L. DeRaad, Jr., and K, A. Milt<»i fl978j “C^imir Effect in 
Dielectrics,” Ann. Phys. (N. Y.), Vol. 115, p. I 
Spunaay, M. J. (1958) “Measurements of Attractive Forces Between Flat Plates,” 
Physica, Vol. 24, p. 751. 

Sparnaay, M. J. (1989) Physica to the Making, editors A. Sarlemijn and 
M. J. Sparnaay, Elsevier, Amsterdam. 

Spruch. L. (1996) “Long-Range (Cusimir) Interactions,” Science, Vol. 27, 
p. 1452. 

Sukenik, C L., M. G. Boshier, D. Chf, V Sandoghar, and R. A. Hinds (1993) 
“Measurement of the C£isimi»'-P(’>ider Force,” P kys. Rev. Lett., Vt»l. 70, 
p. 560. 



NEXT 

DOCUMENT 



THE NEW THEORY OF GRAVITY AND 
THE TEST 


5 ,,- 77 


HUseyin Yilmaz 

Hsunamatsu Hkotonics K.K., Hamamtsu City, 435 Japan 
EiectroOptics Technology Center, Tufts University 
Medford, MA 02155 USA 


^ 5 * u> 


ABSTRACT 

Gravity is an interactive N-body phenomenon whereas Einstein’s 
genual thewy relativity in genual leads to CMiiy ncaiinteractive 
solutions of Schwarzsdbild type. Thus genua! theory of rdadvity 
canned fxoduoe legitimately the N-body interactive effects such 
as the planetary perturbations in the solar sy^nL One such 
^ect is the N-body perturbative advance of (rfanetaiy puihelia 
which in the case of Mercury is 532” per century (1194” for 
Earth, 1559” for Mars, so on). We caU the presence of ttiesc N- 
body effects the 5^ test of gravitational theory and oonsidu it a 
crucial test. A r^w theory modifying Einstein’s field equations 
by adding the gravitational field stress-energy to the matter 
stress-enugy passes 'Jie 5*^ test. 


It is known that the only possible modification of general rdativity that 
leads to the four classical tests, namely, 1) the red-shift, 2) light-bending, 
3 ) the perihelion precession, and 4 ) the dme-delay, is ^ 

1/2 G/ = T/ + Xt/ 

here G is the Einstein-Hilbert tensor, is the matter tensor, is 
gravitational field stress-energy tensor. 


X‘) 



V= -a,+a»+t(V2)V9H3>.« 


in the Newtonian limit, and X is an arbitrary parameter. (Here we shall 
not need the naore general form of 

It is also known that the value X. = 0 corresponds to (jeneral Relativity, 
and X = I to what we call “The New Theory of Gravitati<Mi'' 

X s 0 General relativity 

X s 1 The new theory 

and that a 5^ test is needed to mnove the *‘final arbitrariness” (ctf X) 
in the field equations. 2 Note that if matter is in the form of particles 
(matter ooooentiBtions), then masses are given by = ou^u^, V-ga 
= Z^mAdfx - XjJ where V-g is the Jacobian, Af = £AmA6(x - x^). 

An essential distinction b^een the two thecmes is that for X = 0 
((Jeneral Relativity) one has no N-bodv interactive (force) solutions 
(xmtrary to die Newtonian correspondence, whereas for X = I (The 
New Hieory) one has N-body interactive sdutkHis satisfying the 
NewtcMiian correspondenoe (the slow motion limit). This comes abcMit 
as follows: If one donaiKls that (me diall have N-body s(dutioos with 
Newtonian ocarespondenoe, there arises, in the expressitm of the 
Einstein-Hilbeit tmsoi; the ocxiditicMi (obstrjcdon) ^ 

(X-iHHn - = • 

where (italic) indices on are partial d^vatives. If X = I, the 
obstruction is removed and we have the N-body solutions. If X = 0 the 
secxMid parantfaesis must vanish but it can be shown explicitly (for 
example, by a symbolic manipulatioo computer) that the second 
paranthesis contains the cross terms as a factor and they are all 
removed by the condition. Consequently, there are no cross terms, 
hence thre are no interactive solutions if X = 0. On the other hand, if 
X = 1, the N-bcxly solutions in question are found to be of the form: ^ 



Sdo •«-** . -|)» • 

4 /|x- x.| 


and are here called the “interactive N-body solutions/’ From this 
solution c»ie finds the corresponding N-body Hamiltonian 

H = 2Je-^lV(ii|2+ e-a^p2)L -2*m*(♦+ 342 ^ + K 

from which the second order N-body equations of motion 

m,d2x^/dt2 ^ m,2A (1 + 64/c2)m4(x - x^y|x- xj^ 

can be obtained and all the numbers in Table 1 and Table 2 can be 
calculated whm n\ is the mass tire moving planet which here drops 
out. Note that the analog of the Newtonian force can also be obtained 
to this order as Init we need the Hamiltonian to connect to 

the rate of mcHTrentum change or acceleration cPx/dt^. 

Note that in the X = 0 thewy a 1-body solution of the usual 
Schwarzschild type (the central body solution) is allowed by the 
condition. A 1-body solution can, at most, lead to a test-body theory 
where the four classical tests mentioned above can be derived (though 
not fully legitimately) by putting the test bodies (if planets are 
con^dered as unphysical test-bodies) hand. But this violates the ^ 
body symmetry of the Newtemian theory since one of the bodies is in 
the solution, the others are not (In fact according to the condition the 
Newtonian correspondence is violated even in die sense that if ^ is a 
solution, then ^ + C is not a solution to the field equations. The latter 
has serious consequences as Pauli expressed in an other context) ^ 

In the Tables I below and in the formula that follow the N-body 
interactive nature of the planetary perturbations are clearly indicated. 
Table 11 gives further evidence of the universal N-body interactive 



nature of gravity. A 1-body solution cannot interact with anything as 
there is nothing else widi which to intnaci. Nevertheless, a test body 
calculation gives (though illegitiinately) similar results to the case of a 
small body moving in the field of a very massive body. For that reason 
test-body theories are widdy used for cc^veoienoe. One must keep 
firmly in mind, however, that test-body thecdes can never give N-body 
perturbative effect 


TABLE I 


ta-MmwT’igttl 


Vcmui 

rrfM 

Earth 


Mars 

2.54 

Jupiter 

ISSJB 

Saturn 

7J0 

Uranus 

0ul4 

Neptune 

1k04 

Phito 

- 

TOTAL 

SiLSi 


Table I can be calcul^^ from the new theory. In lowest order a 
reasonaUe appxoximation of the total is obUiinaUe as ^ 

dr s (3/2)a K M-tm^Zpmp/Kr,, - a)rp(rp + a)] 

where M is the mass of the Sun, m^ mass if Mocury, are those of 
perturbing planets, Tp are their distances from the Sun, K is a constant 
depending on units and a is a semiempiricil parameter. The important 
point is that the perturbing planets contribu'c according to their (active) 
masses in the sdution. If these were test bodies, their active masses 
would be zero and all the plan^ary-perturbative parts would be zero. 



Fuithermore, die test bodies cannot interact w'' each other (they are 
not of interacdve Newtonian type since they are not in the solution) 
hence the planetary-perturbative parts of the advance of i^anetary 
perihelia cannot be obtained fit>m a test-body theory. (ScjmmatkMi signs 
over test bodies would be missing.) T^se can, however; be obtained 
from the new thewy. This calculation is carried out in the case of planet 
Mercury and fc. d to be as shown in Table I. In Table U the N-body 
p^rbadve advances of perihdia for other planets are also shown just 
to appreciate how pervasive and important these N-body effects are. 
The observatKMial presence of these N-body perturbative effects which 
are pedicted by the new theory, £uid nc^ by general rdativity, is a 
crucial test. In view of rhe other four “classical” tests it is here called 
“the 5^ test” of the curved space-time theory of gravity. * 


TABLE il 


Oma 

Perturhaii^ePart 

Relativyiic Part 

OfcgfflBd.lhial 

Mercury 

531,5» 

42.98 

574.57 

Vemu 

- 117A2 

9.82 

- 108J0 

Earth 

1194.44 

3.84 

1198.28 

Mars 

1559.43 

1J5 

1580.78 

Jupiter 

539 J7 

•M 

839.93 

Saturn 

- 1948J0 

0.81 

- 1948.89 

L’raaus 

1312J6 

- 

1312.58 

Neptune 

- 844.43 

- 

- 844.43 

Phfto 

- 132.25 

• 

- 132.25 


Planetary perturbations ore a most important part of celestial 
mochmiics. So essential that from their presence and their predse 
magnitudes the planet Uranus, and Neptune, were discovered 
(predicted) on paper before their discovery by observations. Let us ask 
the crK:ial question; “Are these planetary perturbations and, in 



paiticulaz; the i^anetary poturbative advances of the pmhetia d* the 
planets obtainable from Einstein’s theory of general relativity?” Or 
putting it rather bluntly, “Could the planets Uranus and Neptune be so 
discovered (predicted) on paper if the only theory of gravity available 
at the time were general relativity?” 

The answer to this questi<M) is an emjfiatic no! We are compelled to 
say that general idativity is only a test-body theory (one body in the 
sdution, all other bodies bdng test particles put by hand) and that it 
cannot meet the demands of the 5^ te^ which requires N real bodies 
with mutual infractions. We have seen above thea such N-body 
solutions are possiUe only when X = 1, hoice the 5^ test leachng to 
this value of X. may be oon»dered the “expoimentum micis” of the 
curved spacetime themy cf gravitation. 

The only (though only psydiological) barrier to this ocmcluaon is die 
bdief that the Hnslean-lof^-Hdfmann pe 4 )ers d 1938-39 obtained the 
Newtonian linut from dietr N-body expansion mediod. But the truth is 
that they inqfidtly assumed die N-body potentials without prod. A 
careful study d a summary given by Bergmann * dearly shows dus. 
Wth Eq^ (15.12) on page 239 in his wdl-itnown book die equations 
are satisfied in first cffder (right-hand side put to zero in vacuum) but 
with Eqs. (15.25) on page 234 they are not satisfied in second order. 
Yet as stated on page, 232 to ditain the equa ions d motion one has to 
satisfy the equations in both first and seccxid order Thus it appears that 
the EIH mdric is not a solution to Einstein’s equations in seotMid order 
and this can, in prindple, be checked by a oomputo^ pre^ram. 

Since for the Newtemian limit on page 238 c-ne needs to keep only the 
= ♦ COTipoDcnt 3 fiOTi the beginning, CMie can ignore all the other 
potentials. Then it is clear from our {xevious discussion that in ennder to 
have N-body solutions of the Newtemian t)pe one has to equate the 



right-hand side of Eqs. (15.25) on page 234 to 

(1/2) G/ = V + V 

that is, (1/2) in source-free space. In other words, Einstein- 

Infeld'Hoffman metLxl will (Moduce the Newtonian limit with 
approfHiate N-body sdlurions if the undk^ying theory were the new 
theory with X. = 1. But with >. = 0 the implicitly assumed N-body 
solutions do not materialize, hence the N-body Newtonian theory is not 
recovered. The introduction of l/c^ factc^ in the metric ccmipcments 
does not help in the evaluation of the field equations because the 
Christcffel symbds are cf the nature of logaritfamic derivatives of the 
medic components, hence they drop out of the calculaticMis. All 
cakidations mentioned in this paper can easily be verified by any of the 
modem compu^ programs. ^ The pioUem of pseudo tensors arising 
from the use onhnary paitiai derivatives of the background m^c is 
common to all curved spacetime theories. This proN^ is now solved 
by using badrground-covariant derivatives and checked out fen- all 
time-independent metrics we have studied. The process is general 
and course apfties also to goieral rdstivity. 

Vft would like to take this opportunity to also answo- some critid»ns 
of the new theoir>'. Tbe% are mainly of two categories: 1) In the 
first c^egory the airthcMrs attack our theory by trying to show that it is 
wrong mErtbeinatically or dse physically. In this category are S. 
Antodii -1 and C. W. Misnm^. 12 Antochi’s citim that the theory still has 
a pseudo-tensor problem is not valid because that problem is resolved 
as mentiemed above. On the other hand Misner's claim that Yilmaz' 
theory cancels Newton is totally unfounded. It is already answered by 
showiDg that one of his premises is false. Beside, oi a metric has the 
reqirisite N-body solutions satisfying the Newtonian limit, to required 
order!^ how can it caood Newton? 2) In the second categ(Mry the 
authors think thtf we are attacking general relativity (Actually, of 
course, we are not attacking genera) relativity ~ we are only exhiNting 
the structure of the two theories on ibe b^s of two mathraiatical 
identities so that we may be able to modify general relativity correctly.) 
and (tefend it so that by implication our a^yses appear unjustified. To 
understand this category one must understand under what assumptiems 



the equations of motion are obtained in the two theories. l)lnthenew 
theory the Bianchi identity gives 

-l/2odjtg<^u«*uP +Dvt^''■ 0 

The first term is zero ■ 0 by f reud’s identity, hence we 

have 

l/2o dng<^u<Hi§ = D^t/ 

which, for a given form of g^.^ • detennines the form of t^^ (up to a 
zero divergence), llie equations ck motion fellow from the Lagrangian 
to be 3 

a du^/ds = l/2d^go^ (O tf>uP + to^) 

In die slow motion linut d^g,^ t<4 -» 0, hence we essentially reoovo^ 
the geodesic equations of motkm as a linut 

2) In general relativity the t^v is assumed to be zno (an unnecesary 
restriction since, as have sem above, Frciid Id. plus Bianchi Id. 
determine the t^'' for any given g^^, hence under the Freud and 
Bianchi identities one has the restriettioo 

Ifhj d^gf^vpvfi = 0 


This is bad because the expression is the righ>hand side of the geodesic 
equations of motion and is zero! In geneial rHadvity one tries to fix up 
this problem as follows: From the Bianchi identity one first has 

d^V'-gou^u^yV-g-l/2o d^ga,jU<MlP ■ 0 


Then, by differmtiaticHi of the first term cme Aiites 

(V-g)-! dv(V-gou'') Uj, + o du^/ds -\tla d^g«4^u®uP ■ 0 
(via u^dvXjj - du^/ds) Now in addition to the Freud identity one sets 


hence one gets 


dv(V-gair')= 0, 



o du^/ds - l/2o 


which gives the in^Mession that the geodesic equations of motion 
follow from the field equations. However, in view of the Freud identity 
the condition dv(V-gau^) = 0, implies adu^/ds • 0» hence what really 
follows is 0 = 0. 

But suppose one does not know about the Freud identity or one 
^ forgets to take it into account. Thai one would tend to take the result 
{k ^ (o du^/ds - l/2o ^^g^^u«u^) seriously as ifjlegitimate. Since it is 
0 ^ formally similar to the new theory's equation of motion it will appear 

to give similar results. Hence our papers can be made to appear to 
have criticized general relativity unjustly. Brill w Cot^jerstock-V^ick *5 
and Fadteiell articles are of this category. In virtually all such articles 
the oMiclusions (hawn are not justified because they are based (xi 
implicit assumpticms voiding Freud’s identity at least cxice, (sometimes 
twice). Since tUs is nc^ stated expliddy the writo; as wdl as the reader 
is impressed by sc^histicated manipulatkm formulae. Cooperstock 
and Brill implicitly assume sudi an eqi^(» ctf motkm bdieving tfastf it 
will lead to a gravitatkmal force. Tten add an electrostatic fcHoe to 
balance. (X course, than will be no balance since the gravitational part 
is zero. Such a balance will be achieved in the new thecxy as can be 
seen from our remarks at the earlin part o( this discussion. Freud 
Iderdity is an integral part of any spacedme theory of gravity and its 
omis^n will lead to inconsistencies in the form of overdeterminaticm, 
haice nullification cX the formulae. As It turns out, in these articles the 
Freud identity is not even mentioned. It is hoped that this discussion be 
carefully read by these authors and due apologies made for their 
misundefstanding and not so civilized language in scune of their 
writings. 

The author would like to thank Mr. Tenio Hiruma of Hamamatsu 
PhotcHiics. K. K., Japan, and Ouroll O. Alley ctf the University of 
Maryland, USA for their genuine interest in fundamental research. 
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SUMMARY 


A) Tlie ffnt four tests are comiMtible with arbitrary X in 

1/2 G/ = V + 

B) The 5^ test is compatible only with the '-aloe X s 1, hence 

1/2 G/ = T/ + i /. 

Thus, the field eqaations at the Newtonian limit sre comnlcteiv 
determined by eipcrhnmit. Any genersUatiM mast therefore 
reduce to this case in order to be viable in Hs Newtonian limit 


L^Msnmmlf^rjiQW wh(ifEin5t€m himstlf udM; 

My equation is like a house witit two wings. The left- 
hand side is made of fine marble, but the right-hand 
side of perishable wood. 


At Einstfin 
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ABSTRACT: 

We analyze difficulties with proposab for hyper-fast interstellar travel via modifying the spacetime geometry, 
using as illustrations the Akubierre warp drive and the Krasnikov tube. As it is easy to see, no violations 
of local causality or any other known physical principles are involved as far as motion of spacecrafts is 
concerned. However, the generation and support of the appropriate spacetime geometry configurations does 
create problems, the most significant of which are a violation of t.'ie weak energy condition, a violation of 
local causality, and a violation of the global causality protection. The violation of the chronology protection 
is the most serious of them as it opens a possibility of time travel. We trace the origin of the difficulties 
to the classical nature of the gravity field. This strongly indicates that hyper-fast interstellar travel should 
be transferred to the realm of a fully quantized gravitational theory. We outline an approach to further the 
research in this direction. 

INTRODUCTION: 

It is commonly accepted that for an interstellar travel to become of a practical interest and importfuice one 
should acquire a capability to complete suclr a travel within a reasonable interval of time by the clocks of 
both the traveler and the community remaining on the Earth. In most cases it is the total time of the round 
trip that one is concerned but, under special circumstances, it might be also the one way time of arrival at 
a destination. 

The troubles with the time of an interstellar travel emerge as the result of an interplay between two major 
contributing factors, (1) the necessity to coyer very large distances to reach even the nearest stars, and (2) 
the limitation on the maximal speed of a spacecraft imposed by relativity. This speed must be smaller th 2 in 
the speed of light. Elquivalently, the world line of the spacecraft must pass inside the local light cone in a 
neighborhood of each point of this world line. 

In Minkowski spacetime (the case of special relativity) the construction of the light cone is globad and the 
distance between the Elarth and the star of destination in the frame of reference of the Earth’s observer 
is fixed. Under these conditions the only means to reduce the travel time is to increase the speed of the 
spacecraft witldn the limit determined by the null cone. The nature of the limitation on the minimal time 
of travel in this case is best illustrated by the spacetime diagram (Fig. 1). Points 5 and R on the world line 
of the Eai'th's observer are the events of the start and return of the interstellar expedition, while point A 
on the world line of the star is the event of the expedition arrival at its destination. The world line of the 
spacecraft SAR. and with it the the expedition duration for the traveler, can be made na short as desirable 
by choosing pieces SA and AR sufficiently dose to the null cones (moving at a speed sufficiently dose to 
the speed of light with respect to the Earth). Meanwhile, the distance between A and R along the world 
line AR of the Earth (the duration of the expedition as pen eived by Earth’s observers) obviously cannot be 
made less than 2d. where d is the distauice between the Earth and the star of destination in the frame of the 
Earth. 



General relativity opens, at least seemingly, opportuniUea to c rcumvent this difficulty. As in the case of 
special relativity, the speed of the spacecraft is limited by thr speed of light, i. e. the world line of the 
spacecraft should pass inside of the local light cone at each point of the world line. However, the metric 
and topology of spacetime is not fixed, and Presumably can be manipulated. The construction of the null 
cone is not global in this new setting. The sp<i :etime geometry, and with it the tilt and the opening of tlie 
local light cones can be manipulated in a controlled fashion. Such a manipulation allows in some ca.ses to 
reduce the distance to be covered by the spacecraft, which redu;es the time of arrival at the destination as 
well as the round trip time. In other cases it allows to transfonn the spacelike separations into the timeiike 
.separations, whidi does not reduce the time of arrival but reduces the round trip time. 

It is easy to write down an expression for a spacetime metric that s atisfies the basic chronometric requirements 
of a feasible interstellar flight (cf. the next section for some det:dls and references). Whether sucli a metric 
can be generated, supported and controlled in the real physic^ world without violating the most basic laws 
of physics, is a different and, perhaps, the most troublesome issue. Whatever the final an-swer might be. any 
attempt to analyze the emerging situation demands an expansi )n of the domain of application of the laws 
of physics far beyond the conditions for which they were formulated originally. 

1. A straightforward computation of the Ehnstein tenser sbo'cs that in all cases gravitational fields cor¬ 
responding to desirable metrics demand “exotic” matter to be at least a part of their source. Such 
“exotic” matter violates various commonly accepted energy conditions, including the weak energy con¬ 
dition, which means that it is supposed to have negative energy density. Although the negative energy 
density is not rtiled out by quantum field theory, und«r8tan>iing of its coupling to the gravitational field 
is incomplete and it shows up sooner than one might expect. 

2. In many cases (a good example is the Alcubierre w^ drive ipacetime) the domain of modified geometry 
is catisally disconnected. This means that the appropriate c mfiguration of the gravitational field cannot 
be generated, sustained, or controlled as a result of any geametrodynamic evolution unless one has at 
his disposal tachyonic matter, or some kind of a device capable of emulating lachyonic effects. 

3. All known configurations of modified spacetime geometry civolved in a hyper-fast travel, when consid¬ 
ered in conjunction with the principle of general covariance, imariably le;\d to a capability of building 
a time travel machine. Basic theorems characterizing th; causal structure of spacetime [Geroch & 
Horowitz, 1979] tell one that, as a consequence, sudt spa:etime geometry cannot be a result of any 
geometrodynamic evolution unless there are some means to contribute to the spacetime structure ex¬ 
ternally (spacetime singularities, appropriate boundary conditions, tachyonic effects, quantum effects, 
topological effects, etc.). 

The recent literature presents quite a few attempts to asses compatibility of the idea of modified spacetime 
geometry as a means of hyper-fast travel with basic concepts physics (we will provide a more detailed 
account and references in subsequent sections). Unfortunately, most of this literature has a tendency to rely 
on standard theoretical constructions without any modificatior s or with minimal modifications, frequently 
without clear understanding of their relations to observations The results are all too predictable. This 
approach leads one rather fast and in a relatively trivial fashion to ruling out virtually all particular geometry 
modification proposals on the ground of their nonphysical nature via seemingly plausible arguments. The 
arguments are relying heavily on rather involved computations snd contain numerous assumptions necessary 
for their tractability. Some of these assumptions are questioi able, others leave one with the impression 
that they might be circumvented via more sophisticated design i. In brief, the trouble with this direction of 
thought is that it does not provide an understanding of the common mechanism of the failure. 

The arguments of more general nature, less computationally d emanding, and appealing to more basic and 
dependable arguments are scattered in the literature, but have n< t been systematically used for more balanced 
assessment of the problems and prospects of the field. In this paper we attempt to do so having as goals (1) 
to determine the restrictions imposed on modifications of spao time geometry, (2) to determine the nature 
and the origin of these restrictions, (3) to formulate the conditw ns on the mechanism that might circumvent 
the restriction, and (4) to evaluate possible realizations of such mechanism. 
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SPACETIME GEOMETRY MODIFICATION AND HYPER-FAST 
INTERSTELLAR TRAVEL: 


There are numerous examples of spacetimes with tilted null cones (where the travel distance is reduced), 
such as Godcl Universe [Godel, 1949), cosmic strings spacetimes (Deser, 't Hot>ft, 1984), traversable wormhole 
(Morris & Thorne. 1988), and the recently suggested warp drive .spacetime (Alcubierre, 1994). Although all 
of these examples are useful for improving our understanding of the related issues, in the context of an 
interstellar travel achieved by teclmologkal means only traversable wormholes and the warp spacetime are 
of a possible interest as they involve only local modifications of spacetime gtH>metry and topology. The 
transformation of the spacelike separations Into the timelike ones, thus reducing the round trip time, is 
illustrated by what is freqiiently called the Krasnikov tube (Krasnikov, 1995; Everett. Roman. 1997). We are 
going to use for illustrating the idea of hyper-fast interstellar travel via spacetime geometry modification 
the two most recent proposals — Alcubierre warp drive and the Krasnikov tube. They utilize two different 
features of modified spacetime null cones. Other proposals work ’n a way similar .to one of these two -md 
pose the same kind of difficulties in their realization. 

Alcubierre Warp Drive Spacetime: 

Alcubietre warp drivi nacetime is the best studied example of modifying spacetime geometry for the purpose 
of hyper-fa.st interstei ir travel. The basic idea of the Alcubierre warp drive is to modify the spacetime 
geometry to the one expressed by the metric (dimensions y and z are omitted as they are irrelevant for an 
explanation of the basic effect) 

ds^ = -dt^ + {dx-v,f(r,)dtf 

■vhere r, = |x - x,|, r,(t) = dx,{t)jdt; ^lnd x,(f) / are ^bitrary .smooth functions such that x.(0) = 0. 
xAT) = d. J{i) = 1 for 0 < ^ < fi - e. /(^} = 0 for { > fl. while e, T and R aie arbitrary positive 
parameters. If r,(t) = 0 this metric reduces to the Minkowski metric, in which case (v,/ = 0) rhe null cone 
at all points of spacetime is determined by the left and the right future directed null vectors 

\ = dt-d^, r = a«+t)* 

In the warp drive spacetime, where v,f changes from point to point of spacetime, the left and the right 
future directed null vectors ai e given by 

I = + (w,/ -1)9*. r = 9t + (Vsf +1)9* 

The change of the future null cone is shown pictorially in Fig. 2. One can observe that as v,f grows the null 
cone tilts to the right while the opening of the cone narrows down in such a way that some curves that used 
to be spacelike in Minkowski geometry become timelike and vice versa. 

Fig. 3 represents spacetime geometry determined by the warp drive metric which is pictured in t-i coordinates 
by the world tube of radius R and thickness f with axis given by x,(t). The spacetime geometry outside 
the tube is Minkowski geometry. Inside the tube the geometry is also flat but the light cones are tilted with 
respect to the outside cones. The wall of the tube represents the curved domain of spacetime. 

Suppose now that i,(f) represents the world line of a spacecraft with a device on board that enables it to 
modify spacetime geometry to that given by the warp drive metric. The spacecraft is then surrounded by 
the bubble (warp bubble) with the wall containing curved spacetime and moving at a coordinate speed v,(t). 
The case o, > 1 would be nonphysical in the original geometry of spacetime for a spaceship constructed of 
standard matter as its world line would be passing outside the null cone (superluminal motion). However. 
aa it is easy to see in Fig. 3, '«l’e ship’s warp bubble tilts the null cones inside of it ir such a way that the 
world line of the ship becomes timelike and physically acceptable for any w»(t), mrhjding superhiminal. It is 
clear that the proper time of any Earth s observer coincides with the coordinate time t, = t as the Earth is 
outside the warp bubble at all times. The pxpre.ssion for the warp drive metric implies that the proper time 
of the .sliip also roindde'> with t. To summarize, the elapsed time of the trip coincides with the coordinate 
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time by the clocks of both Etirth and the ship. If the coordinate distance to the star of destination is d then 
the time of arrival at the destination is 


where v, is not restricted by the speed of light and can be madf as large as it is desirable. This means that 
the time of arrival at the destination can be made arbitrary short by both the clock of the Earth and the 
clock of the stiip. 

We put off temporar ily a discussion of difficulties present in the Akubierre warp drive proposal. Instead, we 
introduce a different idea which seems to avoid some of them. 


Krasnikov Tube: 

A modification of spacetime geometry known as Krasnikov tube :s, perhaps, the least studied of ail proposals. 
Although it shares some of the difficulties (among them the must serious) with other ideas along the same 
directions, it avoids some of them. In any case, it is different ei ough to deserve a brief introduction. 

Krasnikov tube idea is based on modifying spacetime geometry to the one determined by the metric 

ds^ = -{dt - dx) {dt + fc(l. x)dx) 

where fc = 1 - (2 — i5)S«(f — x) (tf.(x) - ^«(x + e - d)j, and is a smooth monotonic function, such that 
e,(0 = I when ^ > e and = 01 when ^ < 0, while 6 and e < d are arbitrary small pos tive parameters. 
Obviously, in the case fc = 1 (or, equivalently, S = 2) the Krasiikov tube metric reduces to the Minkowski 
metric. The interesting case, however, is that of S being a small positive number. 

The future nail cone of such geometry is changing from point to point and is determined at a point by the 
left and the right futiue null vectors 


I = kdt - dx, r = 3, + 3, 

The change of the future null cone as fc is changing from 1 to --1 + i is depicted in Fig. 4 (the cone tilts to 
the left and opens wider). One can observe that when k < 0 the vector 1 shows in the direction of decreasing 
value of t. 

The Krasnikov tube metric subdivides spacetime in three regions (cf. Fig. 5). The first one is the outside 
region (x < 0} U (i > d) U {x > t}. The metric in it is the Minkowski metric (fc = 1). Future light cones 
in the region aie determined by null vectors lo = 3| — 3, and Tq = 3j + 3*. The second region is shaded 
in Fig. 5. Spacetme is carved in it. The third region {i < f - «} D {« < x < d - e} is fiat {k — S - 1). The 
future light cones in 't are determined by null vectors 1/ = — 1 — J)3< — 3* and r/ = 3f + 3*. The cones 
aie open wider than in the outside region to such an extent th it along some future directed timelike curves 
coordinate t is decreasing (the curves go back in coordinate tiiae). 

A hyper-fast interstellar travel utilizing the Krasnikov tube is test illustrated by spacetime diagram (Fig. 5). 
The spacecraft is moving from Earth to the destination star along the timelike world line 5 A in the outside 
region. The arrival time by the clock of the spacecraft can be made small if the line SA is close to the null 
cone (i. e. the speed of the ship with respect to Earth is cloie to the speed of light). The time of arrival 
by the Earth clock (pictured by SA' cannot be made smaller than d and is very large. However, the ship 
cairies on board a device that changes the spacetime metric d iring its flight to the destination forming the 
Krasnikov lube metric. On the way back the ship is moving alt ng the world line AR which is future directed 
in the modified metric but caaies the ship back in coordinate ime (which coincides with the proper time of 
the Earth). Thus it becomes possible to complete the round tnp for a short interval of time by both ship's 
and Earth’s docks. 



DIFFICULTIES OF MODIFYING THE SPACETIME GEOMETRY: 


It is clear that hyper-fast interstellar travel utili^in^ modified spacetime geometry does not involve any 
violations of local causality or any other known physical orinciples as far as motion of spacecrafts is concerned. 
However, the generation and support of modified spacetime geometries (such as the Alcttbierre warp bubble 
and the Krasnikov tube) does create problems, the most significant of which are a violation ol the weak 
energy condition and a violation of the causality protection. 

Exotic Matter: 

A straightforward computation of Einstein tensor and the energy-momentum tensor for Alcubierre and 
Krasnikov metrics shows that the regions of curved spacetime in both cases are filled with matter, hi the 
ca.se of the Alcubierre warp bubble the matter is supposed to have the negative energy density everywhere in 
the wall of the bubble (of the external radius R and thickness <) [Alcubierre, 191*4; Pfenning Sc, hord, 1997). 
In the case of the Krasnikov tube the expression for the energy-momentum density is more complicated and 
its evaluation is possible only for a particular choice of the function k [Everett Sc Roman, 1997). However, 
any reasonable choice of this function (smooth and monotonically d-xu-easing in of the wall from 1 on the 
outside to — 1 + d on the inside, yields qualitatively the same picture. The energy density must be negative 
near the im.er side of the wall and positive on the outer side of it. In any case, the source of the gravity field 
modifying the spacetime geometry in a desirable fashion always contains, at least partially, matter with a 
negative energy density, which is often called exotic matter. In other words, the weak energy condition is 
violated. 

Violation of the weak energy condition is ordinarily considered inadmissible in the clas-sical theory, and with 
good rea.son3. In brief, existence of negative masses produces effects that do not contradict basic laws of 
physics but never have been observed in reality. However, quantum fields are commonly thought to be 
capable of violating the weak energy condition. The violation of the weak energy condition Is restricted by 
the quantum inequality [Ford & Roman, 19%). The inequality implies that the larger is the average negative 
energy over a sampling interval of time the shorter must be the duration of this interval. Application of the 
inequality in conditions generated by the modified geometries has been recently used to estimate the amount 
of negative energy required to produce the modifications such as the Alcubierre warp drive (Pfenning Sc 
Ford, 1997), the Krasnikov tube [Everett & Romar, 1997), and Morris-Thome traversable wormholes [Ford 
Sc Roman, 1996). The results are discouraging and similar in all the cases, as they yield absolutely nonphysical 
orders of magnitude for the energy. To illustrate the situation it is enough to say that to make a Krasnikov 
tube 1 meter long and 1 meter vdde the energy required is of the order of 10‘® galactic masses. 

The significance of these results should not be overestimated. They are based on the quantum i.iequality 
the validity of which has been established originally in flat spacetimes, and late: in the quantum field theory 
on a curved background. This meejis that they neglect the back reaction -f quantiun matter fields on the 
gravity field (treated classically). There are ,'jcampies of modified spacetime geometry where the quantum 
ir-'o-'ality is violated. Among them are “critical” wormholes [Krasnikov, 1994; Yurtsever, 1991) and Misner 
with I .jisless scalar field in the conformal vacuum state [Krasnikov, 1996). The point, however, in that 
*evance of the estimates is dubious in the context of spacetime geometry modifications. Essentially, 
, i cstrictions are applicable only to exotic matter tl t does not modify spacetime geometry. 

In order to make relevant estimates it is necessary to use a theory taking into account full :oupling betwe 
the gravitational field and matter fields. The standard procedure of coupling quantum fields to gra\ »„y 
throvigh the regularized expectation value of the energy-momentum tensor is unlikely to provide dependable 
results for exotic quantum matter. What one really needs is a procedure of coupling the quantum gravity 
field with quantum matter fields. Unfortunately, such a procedure has not been developed in general case. 
Our proposal would be to develop it for the cases of particular modified spacetime geometries. 

Violations of causality and chronology protection: 

The idea of liyper-fast travel via spacetime geometry modification encounters obstacles of a more serious 
nat’ire. The fir.st one can be observed in the Alcubierre wairp drive if the gravity field i.s assumed to be 
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generated, supported and controlled from the ship. It is eas> t» see (Fig. 3) that the the world line of the 
front of the bubble passes everywhere outside of lo-al mill cones ^moving at a superiiuninal speed) if i;, > 1. 
The depth of the layer moving superiuminally is determined by the condition v,/ < 1. The energy density of 
matter hUiag this layer is nonzero. This means that the layer eit ler should consist of tachyonic matter, or be 
replenished all the time from the ship whidi also requires tachy^ms. This conclusion is usually taken harder 
than it should be. Ncintriviai and positive part of it is that if there were tachyons the ship that itself consist.^ 
of iiontachyonic matter could be moved superiuminally. Besid**. absence of tachyons (i.e. fields violating 
local causality) does not mean by itself that a local object camot act on events off its causal future. In 
particular, the metric itself can. in some cases, act as a tachyi n field [Krasnikov, 1995). Simpler yet, one 
can place automatic devices along the route well before the ti ne of the expedition and program them to 
emulate a desirable tachyonic effect. The natural name for such an arrangement could be the jump gate It 
is easy to see that none of these issues show up in Krasnikov tube, which is the main reason why it has been 
introduced. 

The second and the most serious ob itacle is that all known configurations of modified spacetime geometry 
involved in a hyper-fast travel make it possible to build geometiies with timelike closed curves (time travel). 
Fig. 6 shows how it can be done with Alcubierre warp drive and Krasnikov tube. According to basic 
theorems characterizing the causal structure of spacetime (Gerodi Sc Horowitz, 197^ such spacetime geometry 
cannot be a result of any geometrodynamic evolution (chronolojar protection violation). The situation could 
change if there were some means to contribute to the spacetinoe itructure externally (spacetime singularities, 
^propriate boundary conditions, tachyonic effects, quantum efects, topological effects, etc.), which would 
amount to an evolution with the initial f .ditions chan^ng du ing the evolution. 

This is ai. exciting and unresolved problem in general relativity (Krasnikov, 19%). We do not go into details 
here because we do not feel at this time that the time travel should survive in the final account. The 
important point is that in the classical theory any attempt to introduce varying conditions resulting in 
globally superiuminal phenomena unavoidably leads to time tra/el. The reason for that is general covariwee 
of the theory, in particular its slicing independence. This featu 'e does not survive in quantum gravity. The 
general covariance is broken. The Schrodinger equation and cor straints are attached to one slicing [Kheyfets 
& Miller. 1996), thv slicing b«ng determined. rou^Iy speaking, by quantum “ether”. The varying conditions 
and related superluminai effects in expectation values are caused by this quantum gravitational vacuum and 
take place only in this slicing. This means that superluminal phenomena might survive while the time travel 
does not. All of this is possible only in a truly quantum gravitiXional system differing in essential way from 
tie one with the state functional expressed by a Gaussian cente-ed at a classical solution [Kheyfets Sc Miller. 
19051. 

COrrCLUSION: 

Our review and analysis of the current state of the theory :onceming hyper-fast interstelleu- travel via 
modifications of spacetime geometry based on general relativit c leads us to the following conclusions: 

1. No violations of local causality or any other known physical principles are involved for as far as hyper-fa.st 
motion of spacecrafts in spacetimes with modified geomet ies is concerned. 

2. Generation, sustaining and control of gravitational fields n edifying spacetime geometry presents several 
problems. 

a) A necessity to use as sources of gravity fields matter vith negative energy density. 

Up to day analysis of this problem, including the qu.aititative estimates, cannot be considered as 
satisfactory. It essentially neglects the back reaction jf quantimi matter fields on the gravity field 
and downplays possible gravitational effects. Better jnderstanding of coupling between quantum 
matter fields and the gravity field is needed to improvi the situation. It is our opinion that analysis 
of the problem in quantum g'^vity might be crucial, 
b ) Violation of local causality in some modified spacetime configurations. 

Some modified spacetimes (cf. Alcubierre warp d-ive) require tadiyonic effects for th.eir generation, 
■sustaining and control. The issue ha.s been investigated only partially. Better understanding of 



tadiyoii-like effects produced by genvity fields is necessary. is conceivable that such effe"ts. 
especially when they are of quantiuii origin, will not lead to contradictions with observatioius. 

C l Chronology protection violation. 

All spacetime geometry modifications. . hen considered within classical general relativity, allow to 
design spacetimes containing dosed timdike curves (time travel). The fact that such . pacetimes 
cannot he produced an a result of cau.sal geometrodynamk evolution, in our (as well as some other 
authors) upiiiiou still does not rule them out as there are means to interfere with this evolution (one 
of the simplest ideas is the jump gate). The source of the time travel effect invanaf^'y associated 
with hyper fast travel is the general covariance of the classical theory of gravity. Only quanium 
gravity, where the genera! covariance is broken for essentially quantum states, there is a hope to 
have hyper fast travel without time travel. 

It ^>pears that only quantum gravity is in p'-inciple curable to give a key to a possibility of hyper-fast travel 
free of the difficulties encountered in classical general relativity. Accordingly, we suggest to undertake an 
investigation in quantum gravity having the following goals; 

1. To design quantum gravitational configurations resulting in modification of an expectation value space¬ 
time geometry suitable for hyper-fast interstellar travel yet excluding time travel; 

2. To investigate the configuration of the source of the gravity field necessary to generate, support and 
control such a modified geometry. 

3 To investigate coupling between quantum gravity and quantum matter fields having as a goal to estimate 
possible contribution of gravitational effects towards forming modified geometries. 

4. Ill particular, to investigate a possible contribution of quantum gravitational effect to tachyon like 
phei'Oineua and to the effects similar in their nature to these produced by the negative energy density 
matter. 
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world line of die dhp creating the Krauikov tube. 
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ABSTRACT: 

lYaversing cosmological scale distances will require ultrarelativistic rockets, i.e., rockets for which 7 = 
(l-»*/‘’*)~'^* >> 1 loutlinethetheoryofhighrrockels, showing that (1) the expansion of *heuniv«se can 
be used to slow the rocket, thus drastically reducing the initiai mass ratio; (2) proton-antiproton annihilation 
is the favored rocket propellent. (I develop the theory of rockets with suck propellent); (3) the Standard 
Model of particle physics allows baryon nutid>er conservation to be violated, making it easier to manufacture 
antiprotons: ( 4 ) payloads will probably weigh less than a kilogram, because virtual humans will be the only 
humans ever to engage in interstellar travel; (5) constraints imposed by the universe's ultimate future iiMKt 
be taken into account in sngr analysis of interstellar travel. I show that these ultimate future constraints 
imply the top quark mass is 185 ± 20 GeV and the Higgs boson mass is 220 ± 20 GeV. 

I. INTRODUCTION: 


At this conference we’ve seen many pr<^>osals for 

(1) Propellantless Propulsion 
(2) Faster-Than Light Intersteliar TYawel 

1 proved a number of Theorems in the late 1970's {Tipler (1976, 1977a, 1977b, 1978a, 1978b) showing th^ 
faster-than-light travel is impossible unless we have a violation of the Timelike/Nul! Convergence Condition 
{ R^Jj‘‘U'' > 0, where is the Ricci tensor and (/" is a timelike cw null vector respectively), or a violation 
of the Averaged Null Convergence Condition (ANCC); 


J* ( 1 . 1 ) 

integration over complete null geodesics. The most recent evidence (Ford t Roman, 1996, 1997) strongly 
suggest that the ANCC holds even if the Casimir Effect causes a violation of the other two conditions. 
BUT suppose the evidence is misleading. Suppose that we CAN build a prc^ellantless spaceship or a 
faster-than light (FTL) drive 

WHY BOTHER? 

That is, think carefully about the implications of these proposed devices I want to challenge the TACIT 
assumption.s of this conference. 

In Section II, I shall show that an antimatter rocket can effectively move a spaceship as close to the light 
cone as could a propcilantle.ss engine As regards a FTL drive, it is well known (e.g Tipler 1974) that such 
a device is equivalent to a lime machine This means that if such a device is possib! , then superbemgs from 
the universe’s future can travel to us now, and restrict our actions to ensure their survival. In Section III, I 
shall outline the physics of the Ultimate Future, and .show it wilt not be in the superbeings’ interest to allow 
us to use FTL drives. 

11. ULTRARELATIVISTIC ROCKETS: 

A relativistic spacecraft is one whose cruising speed is comparable to the velocity of light c For “short” 
interstellar distances, there is really no point in going faster than 0.9c, because at such a speed the transit 
time relative to the universal rest frame is 90% of the minimum transit time, whereas going faster than than 
0 9c is extremely costly in terms of energy For “large ” interstellar distances a spacecraft needs a high initial 
speed in order to avoid being .slowed down during transit by the expansion of the universe 1 shall summarize 
the basic theory of spacecraft traveling at relativistic speeds; see (Tipler 1994b, 1996) for details 



The General Theory of Relativistic Rockets 

If the mass of the payload is Kip and the mass of the entire ro:ket is initially Mi, then the msss nite is 
r = MjMp Oefimog /J = vfc, 7 = (1 - we recall that tlie total energy E of the spacecraft is given 

by £ = -fyntr, where m is the rest mass ci the spacecraft. In thii paper, all masses will be rest masses. AU 
modern textbooks in relativity written by pridesskuial relativist*, use the term “mass” to refer only to rest 
mass, because this is the only concept of mass that is independent of the reference frame. 

It will be essentia] to introduce a less familiar concept, that of tlie rapidity w defined by 


and so tanhw — 0 = ^ 



( 2 . 2 ) 


The reason for introducing the rapidity is that rapidities, unlike velocities, add linearly. That is, we haiw 
= w, + since tanh(i.;r +w,) = is both the standard velocity addition formula and an 

identity of hyperbolic functirms. 

To compute the mass ratio, suppose a rocket having initial mass M moves forward by expdiing a burst of gas 
with infinitesimal mass Am at exhaust velocity n, (as measuret in the rocket’s instantaneous rest frame), 
leaving the rocket with mass Af and infinitesimal forward veioci y dv Then d(*) z= d0 = tanh(du) 

Conservation of energy in this situation is given by 


Amt^coshw, + Mc^cosh(ai.- = Me* (2.3) 

and the conservation of momentum by 

—Amcsiiih(<;, + Mcsinh(du/) = 0 (2.4) 


Since du/ is infinitesimal, we have cosh(dui) » 1, and sinb(dui) rs dw; putting in these ^proximations and 
dividing the momentum equatkm (2.4) by the energy equation (1.3) gives 


smhw, _ _ V, _ Maui 

coshw, ~ ~ c ~ ~M ~ M 


But the change in the rocket test mass is dM = M - M, so 


(2.5) 


Now rapidities add linearly, so (2 6) 


c M 




be integrated to give 


( 2 . 6 ) 


i^ = 0.\n 


(^) 


which implies 


tanhw = - - tanfaln 




(2.7) 


(2.8) 


where v is the finui velocity of the rocket in the rest frame of the ’Garth. After a little algebra, this expression 

gives 
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( 2 . 10 ) 


Since ^ = 


, then if 7 ^ 1, we have 7 * 1 — • *0 the meiss ratio is approximately 


M, 


(27)- 


For photon rockets (w, = c). this means that, in the ultrareiativistic limit {7 > 1), the ratio of the initial 
total energy of the rocket, including the fuel, to the final total energy of the payload is just 


Mi<^ _ Hi -0 

7M,c2 - ^ - 

Photon rockets are thus a quite efficient means of obtaining a high 7: the total initial mass-energy needed 
to accelerate the rocket to the final velocity v is only twice the final total energy the payload has in the 
rest frame of the Earth. However, once toe rocket’s velocity has reached 0.9c, it becomes extremely costly 
to decrease significantly the travel time as measured in the universal rest frame. When v = 0.9r we have 
7 = 2.3, whereas v = 0.99 corresponds to 7 = 7.1; the total rocket energy must be increased by a factor of 3 
in order to decrease the transit time by only 10%. This is expensive, since for photon rockets the mass ratio 
is 4.4 for a velocity of 0.9c but 14 1 for a velocity of 0.99c 

Since any spacecraft acceleration meclianism will require at least F = (7 — l)mc* of energy to be imp.vted 
to the spacecraft, the photon rocket is within a factor of 2 of the most efficient acceleration mechanism. 

Using the Expansion of the Universe to Slow a Rocket 

A high 7 spacecraft will be useful only if the spacecraft is gmng so far that the expansion of the universe 
becomes significant — as would be the case, for example, if one wished to go to the opposite side of the 
universe In such a situation, the spacecraft would appear to be gmng slower and slower relative to the galaxies 
farther and farther away, since these galaxies are moving faster and faster away ficm us, by Hubble’s law. 
The FRW metric is 


ds'^ = -dt^ + + T.\x)(dS^ + sin=* (2.11) 

Siiic^' this spacetime is spatially homogeneous and isotropic, a geodesic initally moving entirely in the the 
radial (x) direction remains without velocity in either the or the ^ directions. Thus a radial geodesic moves 
in the 2-dimcnsional space defined by the metric ds^ = —dl* + R^(t)dx^ Since the metric components do 
not contain x explicitly, this means that the momentum in the x direction, is a constant of the motion. 
But = 9xxP^ ~ Sxx^xt^^, where A is the affine parameter if the particle we are fcdlowing is a photon, 
and is equal to the particle’s proper time per unit rest mass along the particle’s trajectory if the particle is 
timelike (as it would be if it is a spacecraft). 

If we compute the momentum in the radial direction in the local Lorentz rest frame of observers at rest in 
the FRW coordinates — such ooservers have constant x. 9>, and they are the observers at rest with respect 
to the cosmolcigical background radiation -- we gel (letting Pi^^ai momentum) 

plocti = p* = (‘*'^p) = {9x{^<^x,p) - <i!4V = 

where w’' is a local orthonormal basis 1-form, and p is the 4-momentum vector. But since g-^^dxfdX is a 
con.servptl quauitity. and since — R^(i), we have shown that is a constant, independent of 

cosmic time Thus 


P/.flcg<(^"<’«') _ ynoiuVnoui _ f?(t) 

PLc»i(«) “ - ««n,») 


( 2 . 12 ) 



where = “ineviniVncw is the relativistic monwiitun the spacecraft has in the rest frame of the 

stellar system which launches it, and R(tnvw) B the scale factor of the universe the day the spacecraft is 
launched. 

The crucial thing to note about equation (2.12) is that it sa}s we can in effect use the expsmsion of the 
universe itself to slow down the spacecraft; we need not carr} along any fuel to accomplish this. This is 
extremely important for high gamma spacecraft, because if al! the velocity of transit had to be killed, the 
initial mass ratio given above would have to be squared. If the spacecraft is to reach the antipodal point at 
a time when the universe is 3 x 10^ its present size, we would need an initial jnew = 5 x 10‘ for a photon 
rocket if the travel is to be relativistk the whole trip. (Having y(im»x) = 2 is a sufficient cemdition for the 
entire trip to be relativistic, where is the time of maximum expansion.) If we had to use the rocket 
to slow down from 7 = 5 x 10*, we would have to have an initial mass ratio of 1 x 10**. Instead, only 
(3.7)f2)(5 X 10*) = 3 7 X 10® is necessary. (The extra factor of J .7 is required to slow the payload from 7 = 2 
down to 7 = 1 ) 

The Theory of Proton> Antiproton Rockets 

However, a realistic relativistic rocket would probably not be a photon rocket, because the only known 
method of ctmverting mass entirely into energy involves matter-antimatter annihilatka. Thus the rocket 
fuel has to consist of half matter and half antimatter. The reaction e+ -f e~ -♦ 27 gives only photons, 
but there is no known method of storing large amounts of i>ositrons, except as part of anti-atoim. So 
most of the antimatter mass would be antiproters, which dees not annihilate directly into two photons. 
Proton-antiproton annihilation generally proceeds (Cassenti IJ 88) by decay into pions: 

p -t- p — mw® + n(T'* -I w~ ) 

where m n « 1.60 None of the pions sire stable, and the neutral pion usually decays via the reaction 
—• 27. The gamma rays from the neutral pbns are lost, car'ying away energy, but the charged pkms will 
travel about 20 meters before they decay, and thus can provice thrust by having their trajectories bent by 
magentic fields so that they go out the rocket exhaust. The 1 eutral pions carry away on the average zero 
net momentum in the rocket’s instantaneous rest frame. 

If some of the energy in the annihilation is lost, then equatkos (2.3) and (2.4) have to be modified. If a 
fraction qAmc* of the propellent rest mass gets rapidity w,, and another fraction SAmc^ just disappears in 
the reaction, then equations (2.3) and (2 4) respectively become 

i}Amc* cosh w, +6Amc*-l- A/c*cosh(dw) = A/c* (2 13) 


-i/Amcsinhw, + Afesinh^dw) = 0 (2.14) 

Proceeding as in the derivation of equation (2.5), we get 


qsinho;, _ Mdu Mdu m i«;i 

7)coRhu, + 6 “ M - M " ~ dM 

where I have inserted the change in the rocket rest mass, dM = M - M. Integrating equation (2.15) gives 


sinhw, 
cosh O', -l- j 



(2.16) 


where now v, is the velocity of the charged pions in the p-p mnihilation reaction. Solving equation (2.16) 
for the mass ratio yields 


M, - ll-^J 


(2.17) 


i 14 


where 7, - coshw. 



But by conservation of energy we have 


which reduces equation (2 17) to 





For 7 > 1, we have 

^*(27)- (2 19) 

instead of equation (2.10). Equation (2.19) differs from equation (2.10) by an extra factor of 2 in the 
exponent 

Conservation of energy gives 2 x 938 - 4.8 x 139 MeV divided more or less evenly among 4.8 pions, so each 
charged pion has a kinetic energy of 252 MeV. The ratio of kinetic energy to rest mass is 7 - 1, so each pion 
has ^ = 0.935. Equation (2.19) thus becomes 

^ s* (27)' (2.20) 

With the initiid 7„«w = 5 x 10^ required to reach the antipodal point by the time of maximum expansiiui, 
we would need w initial mass ratio of 1 x 10’*. (Remember that an extra factor of 17 is required, because 
the rocket must be used to reduce 7(tm«' — 2 down to 7 = 1.) 

Now the term "payload” in the mass ratio includes not only the payload proper, but also the fuel tanks and 
the rocket engines. The key to reducing both the mass of the payload proper and the masMS of the tanks and 
engines is nanotechnology (Drexler 1992). I have argued elsewhere (Tipler 1994b, Section N) that the mass 
of the payload prefer need be no greater than 100 graim. If we use molecular-size universal con8truct<»s to 
reshape the rocket and the engines as it accelerates, then in principle, the tanks and the tTMtors can be made 
out of fuel; the tanks and motors will then make zero contribution to the payload mass. If this is done, then 
a matter-antimatter annihilation rocket capable of traveling, at relativistic velocities the whole way, frcwi 
the Earth to the other side of the universe by the time of maximum expansion, would have a mass of ten 
billion metric tons 

Using the Standard Model to Reduce the Energy Cost of Making Antimatter 

The current cost of five billion tons of antimatter is enormous. A large fraction of this enormous cost is due 
to the baryon and lepton number conservation law, which requires that a proton be created adong with each 
antiproton. This means that at least half of the energy must go into creating useless protons. The same 
conservation law restricts nuclear energy to less than 1% efficiency: less than 1 % of the rest mass of nuclei 
can be converted into energy, whereas if the law did not hold, possibly all the mass could be converted into 
energy. 

Hovever, in 1976, Gerard t’Hooft showed that the law cam be violated in the Standard Model of particle 
physics The predicted viola* ion is tiny, and has never been observed, but if the Standard Model is correct 
— and ail experiments indicate that it is — then this violation must occur. A number of physicists (Tipler, 
1994b, Section N) since 1976 have discovered ways in which the effect can be enhanced, but our mathematics 
IS too primitive to analyze the details of the effect in the absence of experiments. 

Why Virtual Humans will be the Only Humans Ever to Engage in Interstellar Tiravel 

Recall that nanotechnology allows us to code one bit per atom in the 100 gram payload, so the memory of the 
payload would sufficient to hold the simulations of as m&ny as 10* individual human equivalent personalities, 
at 10^° bits per personality. This is the population size of a fair sized town, as large as the population of 
“space arks” that have been proposed in the past for interstellar colonization. Sending simulations — virtual 



human equivalent personalities — rather than real world pe iple has another advantage besides reducing the 
mass ratio of the spacecraft: one can obtain the effect of relativistic time dilation without the necesity 
of high 7 by simply slowing dcwn the rate at which the sp .ecraft computer runs the simulation of the 10^ 
human equivalent personalities on board One needs the larje 7 in the trip to the universal antipode in order 
to get there by the maximum expansion time, not to reduc< the time experienced on board the spacecraft. 

A third advantage of using virtual human equivalent personalities rather than real world humans is that 
it solves the problem of radiation shielding. Protons in tiie interstellar medium have the same 7 in the 
spacecraft's rest frame as the spacecraft has in the medium s rest frame, and the resulting intense radiation 
from the protons in the interstellar medium has often bem cited as proving the impossiblity of high 7 
spacecraft. One indeed needs thick shielding: 2 meters thickness of aluminum is required to stop I GeV 
protons (7 = 2). However, if the spacecraft has a cross-sectional area of liiun^, then only 5 grams of 
aluminum is required. 

A fourth advantage of virtual humans in a virtual environment over real humans is that the virtual humans 
will experience the simulated acceleration of the virtual environment rather than the real acceJeratiop of 
the rocket. If a rocket accelerates at 155 gravities, real humans would be converted into jelly, while virtual 
humans on the same rocket would experience their choice of accelerations: the usual 1 gravity or less. Since 
there is no difference between an emulation and the machine emulated, 1 predict that no real human will 
ever traverse interstellar space. Humans will eventually go to the stars, but they will go as emulations; they 
will go as virtual machines, not as real machines. 

III. THE ULTIMATE FUTURE OF THE UNIVERSE; 

! shall shewn that the nnituai consistency of all the laws ol physics in the Ultimate Future imply : (1) the 
universe must be closed, with spatial topology; (2) the universe will expand to a maximum size, then 
collapse to a finaJ singularity; (3) the universe must be near y htxne^necus and flat, with AT/T < 6 x 10“* 
and 4 x < Oo — 1 < 4 x 10“®, where T, AT, and Rq are the temperature and temperature variation of 
the Cosmic Background Radiation (CBR), and the doisity parameter lesepctively; and finally the top quark 
and Higgs boson masses must be 185 ± 20 GeV and 220 ± 20 GeV respectively 

i shall then show that the ultimate future implied by the laws of physics is unlikely unless life expands to 
engulf the entire universe, and to control it, forcing event horizons to disappear. A spacetime without event 
horizons is called an Omega Point universe, and the tfaeor} of such a universe the Omega Point Theory. I 
shall show that this universe-engulfing behaviour of life is e-fuivalent to the constructability of a “universal” 
computer, a computer that can emulate any other computer Finally, 1 shall show life can survive in the 
far future only if FTL drives are never used. I shall only outline the proofs of these claims here. A full 
demonstration would require a book, which I’ve written; The Physics of Immortality (Tipler, 1994b). 

Hawking has shown that if black holes (BHs) completely evaporate — which they will if the universe expands 
forever — then some information inside the BH will be lost, since event horizon can end only in singularities 
This loss of information will necessarily'cause unitarity to be violated. (I can show, but do not have the 
space to do so here, that this violation of unitarity cannot De circumvented by invoking quantum ’’hair” or 
the standard d-brane mechanisins.) But unitarity » a fuidamental physical law. Hence, if astrophysical 
BHs exist — which they do ~ then the universe cannot expand forever. This means, if gravity is always 
attractive, that the universe must topologically be 5® spatially, a universe which expands to a maximum 
size, and then recontracts to a final singularity (Barrow et tl 1985, 1986). 

The entropy of the universe is bounded below by the entrepy in the CBR. By the Second Law of ThernKi- 
dynamics, this entropy cannot decrease But the Bekenstein Bound (See Tipler (1994b) for an analysis of 
this Bound: it's basically the Heisenberg Uncertainty Prin .iple in relativistic guise) says if there are event 
horizions present: 


Entropy < Inf ormalton in Un verse < 




(3.1) 


where R IS the scale factor of the universe, and Lptanek is the Planck length (10~®® cm ). We have a 
contradiction with the Second Law if there are event hor zons since li —* 0 in the contracting phase of 
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th*! universe. (The CBR entropy contradicts (3.1) when the CBR temperature reaches 10^ GeV in the 
contracting phase ) However, if there are no event horizons present, then the Bekenstein Bound is not (3 i) 
but 

Entropy < InformationinOniverfe. < (3.2) 

Ac In 2 

where E is the total non-gravitational energy in the univerne. It can be shown that t/life (and/or computers) 
has engulfed the universe, then the available energy in the contracting phase increases as R~^, so the 
righthand side of (3.2) diverges to infinity ar ft —* 0. thereby avoiding Second Law violation. 

So life must become ubiquitous neur the final singularity, and event horizions must disappear if the taws 
of physics are to remain coniistent. But — It *8 well-known that S'® homogeneous solutions of Einstein’s 
equations without evert horizons are of measure zero in the space of all solutions. It is exceedingly implausible 
that the entire universe could be evolving toward a measure zero state, so if such were to utcur it would 
mean that some essential physics was being left out. 

A universe with no event horizions is measure zero, however, on/y if the actions of life/computers are left 
out of the analysis. But if life is present, its effect on a large physi> at system cannot be ignored. Consider 
the Earth's atmosphere. If we ignored the effect ^ life, we would infer that it would rave to consist of 
95% carbon dioxide, the same as the atmospheres of Venus and Mars. iTt has completely changed Earth’s 
atmosphere: carbon dioxide h»s been removed by green plants and they have inl,roduced free oxygen. The 
oxygen is s»»staiiicd oy the continual rcticn of plants. So it will be with the universe as a whole. Life in the 
far future will expand and engulf the universe, and eliminate event horizions, something life mvst do if it is tc 
survive. Further, life must be present in the ultimate f.»!.ate for the mutual consistency of the physical law.s. 
As I show below, taking life into account makes the elimination of hotizoa» necessarily present in the space 
of all physically reasonable solutions of Einstein’s equations. In suc’i a space of solutionc, those solutions 
without et.ent horizons are of normalized measure one, not measure zero. 

In the preceeding discussion, ) have identified life with ccmiputers Let me >.cw justify this, and redcrive the 
Omega Point Theory from a computer science postulate (Tiplcr 1986). A UNIVERSAL CCIvlPUTER CAN 
BE CONSTRUCTED. 

The reason for believing a Universal Computer is not only fundamental in computer complexity theory, but 
its constuctability is also possible physically comes from the Feynman/Deutsch view of physicai pioiassc.s 
(Deutsch 1997), according to which computations and physical processes are in one-to-one correspondence: 
not only are all computations physical processes (obviously!) but conversely, all physical processes are really 
computations In particular, the evolution of the universe is just a gigantic computation! Life also must 
be a form of computation, one in which the information is preserved by natural selection The Oxford 
Univer-sity zoologist Rjchard Dawkins (1976, 1987) has independently defended this compuicr defintion of 
life. This view of physics — regarding computer science and physics as being in I I correspondence — has 
lead Feynman and Deutsch to invent the quantum computer, which justifies the view experimentally. 

The ultimate limit to computation is therefore a fundamental physical law, the fundemantal limit on the 
complexity of physical processes. Computer science has already determined the most natural limit to the 
complexity of a computer, namely a universal computer. 

Recall some key facts about universal computers. First, by the Church-lbring Thesis (see Deutsch 1997 
for a discussion of this thesis), all universal computers are equivalent (not surprising, since by definition a 
universal computer is one which can emulate all other computers.) I shall need two theorems about universal 
computers: (1) they all have an infinite memory, and (2) each bit of this memory is always accessible to the 
central processor See Minsky (1967) for the proofs of these theorems These theorems have the following 
three implications for cosmology if a universal computer can be constructed: 

(A) compulation must continue in the universe until the end of time, since for all events p and q in a 
deterministic spacetime, J'*'(p) Pi J~(q) is compact, where J^{q) is respectively the causal future (-P) and 
causal past (-) of the event q (Hawking if, Ellis 1973). A compact set cannot contain an infinite computer 

memory. 
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(B) the computer must process an infinity of bits between now and the end of time ^since the computer is 
infinite), and 

(C) the computer must store a diverging amount of causally onnected bits of information as end of time 
is approached (causally, since each bit of the memoty must be always accessible). 

A universal computer cannot be constructed in an open (or inflationary) universe because all structures decay, 
and such universes expand too fast to use available energy to re construct them (Tipler 1992). A universal 
computer cannot be constructed in a flat universe because ther; would not be enough energy available to 
send an infinity of signals back and forth across the universe an infinity of tiiiMS (which must hsppen if all 
bits are to always be causally accessible). Thus we PREDICT that the universe must be closed. Recall that 
each bit of information irreversibty processed requires expending kT of free energy. By Implication (B), we 
must have 


Total Information Processd 


-L 




(3.3) 


The energy density p available in an apprc^riate asynunetric collapse of the universe increases ; ’ ~ R"*, 
the total available energy as ~ pf? ~ R”’ (as I stated above) the temperature increases as ~ R"*, and 
R - where i is the proper time until the final singularity is reached at t = 0. Thus in a closed universe, 
tnef" is MORE TBAN ENOUGH ENERGY to process an infinity of bits. 


PROVIDED even*, horizions disiq>pear, so computer c^crations cm be carried out over the entire universe. 
Note that the disappearance of event horizions also guarMtees that each bit stored in memory is always 
available fer further processing. The absence of event horizoni means that in Penrose’s c-boundary con- 
.^tructio’ (Hawking Sc Ellis 1973; Tipler 1994b}, the future c-boundary consists of a single point: call it the 
Omega Pomt, and this theory of the universe’s Ultimate Ftiture TAe Omega Point Theory. 

Since the temperature of the universe is going to infinity as the final stave is approached (recall T ~ 1/R), 
information must be stored in some other form than the chemica bonds now used, in general, information is 
stably stored if it is coded in energy levels with energy greater than kT. Such storage can be accomplished if 
we store info as standing waves with the universe itself as the hot nding box, since the collapse of the universe 
would i'sel! increase the energy of the waves as £ ~ 1/R. lYuisfeiring the information from its present 
matrix of chemical bonds to standing waves is easiest if universe slows its collapse before the temperature 
reaches the chemical bond energy of ~ 1/100 eV. The Standard Model oi particle physics minimally coupled 
to gravity says such a slowing force must exist, and may be of sufficient magnitude to work. The slowing 
effect is mazimued and hence the likelihood of successful info transfer is maximized if (PREDICTION fTipler 
1994>!.,b]): 

mass of top quark = 185 ± 20 GeV, and mass of Higgs boson = 220 ± 20 GeV 

Computers will not be able to eliminate event horizions if all matter condensces into giant BHs before the 
matter can be reached by ultrarelativistic rockets. The only wi.y this can be prevented is for irregularities 
to not have grown too large before other parts of the universe i.t« reached by such rockets. Projecting this 
back on the CBR gives (PREDICTION): AT/T < 6 x lO’® 

Setting up the conversion from information storage in present-di.y chemical bonds to universe-sized standing 
waves requires that computers/life have already engulfed the universe, and further, have been in causal 
contact before the standing waves are set up It can be shown (Tipler 1994b) that this requi*e8, ir addition 
to approximate homogeneity at that far future time, (PREDICTION): 4 x 10"® < Do — 1 < 4 x 10~®. 

The energy from asymmetric collapse of the universe does not become available until after the tecollapse 
of the universe has begun. Until then, the conversion of mattir into energy will be the lii'iary source of 
eticrgy. T*^ causal structure of the universe actually prevents t his matter-energy from ’<eiug used too fast, 
in a maiter-dominated universe, the universal antipodal point c urnot be reached by v < c rockets until after 
the time of maximal expansion. But a FTL drive would permit life to use resources too fast, and thus far 
future life would intervene to stop the use of FTL drives Witf the above flo, virtual humans would arrive 
.3f antipode 10‘* years from now (when R{t)/R{tn,’w) = 3 x 1)*), and our Sun would have long since left 



thi; Mail! Se<juencr However, if Earth and the other planet.-? in the universe are downloaded in computers 
before they are destroyed, virtual humans can eventually return 'o (emulated) Earth and/or all other planets 
at any time they choose. In short, every virtual huiiian an personally see everything in the present day 
■.■inverse there is to see FTL spaceships are unnece.ssary' 
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ABSTRACT 

A growing body of cxpomental evidence is cited ^wing that low-energy nuclear reactions (LE>iRs) cm occur 
undo’ select conditions in solid lattices loaded with hydrogenous atoms There tppear to be various reaction 
regimes leading to difleretit niKletn products. If ihb phenomenon continues to be verified, a radically different 
ihmry fw Ae interaction and Ae subsequoit reaction mua be cteveioped Nwie of Ae presently prop(»ed thewies 
have been adequately bctichmaiked. One key d.tTicully remams-Ac ineproducibility of experiments. possAiy due 
to yet to be identified wiabiltty of the solk) state stnicture involved. To illustrate the LENR effect, recoit 
c xp cr m i e ids the Ihiiversily t^lllmois we discussed, where a large mimber of new elements are (Aserved in Am 
films of vvKMts metals sudi as Ni undogoing electrolysis. A semi-empo’ical theory to interpret these results is also 
oudmed. If LENRs are voified. Ais will lead to a »?akthrougb A nuclear {Aysics umterstanding wid also to a 
nurabor of inqiottant potottial plications, sicii as pee power units. 

INTRODUenON 

The phenomena of anomalous heating effects in deuterated metals gained wmldwide attentiwi Arough the famous S 
P%ms aid M. FleiAman (PF) wmouncment of “cold fusion’' m 1989. [1J Shortly after Aat. discrepancies in their 
report were uncovered. Due to Aat and to difficulties in reproduemg the experiment, the scientific community 
beewne skqMicai When the DC^ ERAB committee commissioned to evaluate Ae situation released a negative 
rprt, skepticism accelcrwcd. Despite Ais, a number of scientists worldwide have coitiinued dedicated but low-key 
studies of such effects, and there have been numerous reports of posuivc results. Thus, in a recent review articie, 

E, Storms {2] cites over one-hundred positive experiments of various types reported hv well-know'n laboratories 
around the world While even these experiments are still plagued by nonrcproducibility. the fact that this many 
definitive experiments have been rep<»ted provides rather convincing evidence Aat anomalous heating and/or 
nuclear effeas cm occur in a variety of materials loaded with high concentrations of hvAogen or deuterium. Most 
recently, a number of Aese expenmenis have identified nuclear reaction products that are attributed to hydrogen or 
deuterium interactions with the metal electrode, raAer than the D-D-type fusion studied by PF (3-6]. Consequently, 
workers have renamed this field as “Low Energy Nuclear Reactions (LENRs).” This work has used a variety of 
crmfigurations and a variety of loading techniques giving reactitm products ranging from Helmm-4. Tritium. to an 
array of heavy elements. Various Aeories have oeen advanced to explain Aese results, but they are usually 
rem-icted to a class of reaction products, in this paper, we will first briefly review some of the LENR experiments 
and theories reported by others and then concentrate on experiments oy Ae author at the Univeisity of Illinois 14..“;) 

LENR CHARACTERISTICS 

As indicated in Figure 1, the PF D-D-type reactions when observed experimentally, have shown characteristics that 
arc quite differem from normai hot fusion D-D reactions (IJ 
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■ 


hot fusion ‘P-F” type 

■ 

D-D 

>2keS/ <1eV 

■ 

T^p 

50% <0.1% 

■ 

He-3 + n 

50% <10*-6% 

■ 

He-4 + gamma 

<10*-3% 99 +% 

■ 


“NEW” LENRs 

■ 

p+metal 

- fps 

■ 

hydrinos 

— x-rays 

■ 

Conclusion: "New” LENRs are distinctly different from 
P-F D-D type and both differ from nominal hot fusion 


reactions. 



Figure I. LENR Characteristics vs "Standard ’ Reactions 

The origmal PF concept is th^ if the ctmtpound He-4 nucleus formed the D-D reaction is in a lattice, its 
excitation owrgy might hrwsfer m a coboent transfer mode to the itttice stjuaure. This would yield heal and 
helium as the main outputs mstead of trkiimi and neutrmis that normally oc air by the fast decay of excited He-4. (7| 
The nH»t recent LENR-type expcrimoits have reported yet mazingiy difTefent majw product rangmg from tritium 
prothictkm to an array of isotc^s with masses below and above the mass o 'the reacting metal. (3-6] Other 
experiments appev to funnel energy into X-rays through a collapse of grou ul-state hydrogen into a lower enagy 
level leading to so-called hydrinos. [8] 

These LENR reactions have been produced by a variety of techniques ranging from die more traditional electrolytic 
technitpie on to electrical dischmges in gases, electric arcs in water, higb-ptsssure gas loading, and biological actron. 
In view of this wide range of conditions, theoreticians are frK:ed with a chal enge in defining a common driving fmcc 
of the reaction One thought is that all of these phenomena basically invoKe nonequilibrium flows in the crystalline 
stnKture. but other investigstors ague dat the reactions themselves are so liferent that they may involve entirely 
different mechanisms. 

Examples of the wide varietv of experimental conditions and the variety of reaction products observed are outlined 
in Figure 2.11] 


■ Electrolysis - PF, IMRA, SRI, CETI, etc 

• C2O, Pd; fused salt. . heat, He-4. 

• H2O, Ni, Pd. ... heat, fps 

m Plasma discharge — Karabut.DufourClaytor 

• D2. Pd,.. — tritium, fps 

■ Proton conductor — Mizuno, Oh ini, Bibenan 

• Sr(Ce, )03. AILaCs - heat, (fps) 

m Ultrasonic. Gas loading — EQ.Pantelli.Fiat 
» metals — heat, rad, fps _ 


Figure 2 Examples of LENR Ex periments 






Questions can be raised, but many of these reported results a|:^>e«’ to definitiveiy demonstrate that LENRs do occur. 
For example. T Claylor’s experiments at Los Alamos {9}, emoloying a plasma discharge loading method, have 
achieved tritium levels that are orders of magnitude greater than background. Nuclear reactions ^ipear to be the 
only way diat tritkun couh) be created in diese experhnents. The man issue dial remains is reproducibility—tritium 
production occurs only in about 15V« of the many experonents pcrfwmed. This problem, a characteristic of most of 
the worit Bi this field, b generally attributed to differences in crystalline stnicture of the solid being loaded. To date, 
however, a tfefinitive identification of the cause has not been made. Suggestive expehments by Srinivasin ki India 
{10} expired electrodes after a run to X-ray film and found a speckled pattern of bright qiois. This observation and 
related experimenb by others s-iggest that the lattice contains a semtered pattern of nuclev-active-shcs. {1 ] but 
exactly what defuies sucdi a site uk) how to create one remains unknown. 

KEY PHYSICS ISSUES 

Assuming that, based on diis data, LENRs occur, a number of key new physics issues roust be tackled to understwid 
the phenomenon. Basically, any theory must explain two key bsues: how penetration of the Coulombic barrier 
between high reactants can occur, md then hew a ‘YMOtraditionar reaction occurs. Some of the mmiy theories that 
have beat advanced to explain these issues are listed in Figure 3.(1,111 The majority of the theories involve in 
stHne mauier a coherent wave stnKture in the crystalline host material. Others attribute the effect to formathm of 
new particles such as hadrons or poiyneutrons. 


• Chubb and Chubb • ion band theoiy, wave overlap - critical crystal 
size - He4 ; Bush - resrmant wave interacticMis 

• Preparata - QED, col^rent fields combine, x-rays 

• Bazhutov, McKibben - h^irems, fractional chg pts 

• MUey & Hora - SEL at thin film interfaces 

• Hagelstein - energy transfer via {^(xion laser 

• Fischer - polyneutron - BCS condensate, nuclear rx 

• Mills. Dufour - fractional energj' levels in H 

• Kucherov - phonon energy transfer to metals 

• Miley - RIFEX - combines SEL and BSC condensate 

I • Issue - despite major differences, non fully accepted due to lack of 
I benchmark. 


Figure 3. 5>ome Theories 

Despite the major differences among these theories, none have gained general acceptance The reason is that there 
has not been an accepted benchmarking of the theories against experimental data This is partly due to the problems 
of nonreproducibility of the experiments, and also to the inability to define a definitive benchmark experiinem 
Some progre-s is being made, e g., initial steps towards benchmarking RIFFX theory with thin-film data are iwted 
later, but much more work is needed to complete this effort and to evaluate other possible theories 

SIGNIFICANCE 

While the field of l.ENR remains somewhat ill-defined due to the issues noted above, it is clear that if l.F.NRs are 
fully demonstrated in a reproducible manner, research will rapidly expand, and extremely important scientific and 
practical applications can be expected The physics necessary to explain LENRs is so radically different from 
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traditkHial nuclear reaction physics that it offers a whole new field of stud>, which has the potential of new 
bre^throughs. Hw field is quite interdisciplinary bringing together physk s, chemistry, uid materials science. 
Consequently, ail dtree scioitific areas stand to benefit from the new insigi ts gained from this research. The 
conclusion of diis resevch could lead to an extremely impormt new nuckar energy sowce, which would have far- 
ranging implicMioas for b(kh tefrestrial and ^>ace. Other extremely impor ant applications could involve ismqpie 
production and radioactive waste maoiagement. Additional applications an: likely to emerge as more is learned 
about this remarkable phenomenon. 

RECENT REACTION PRODUCT MEASUREMENTS AT THE UNIVERSITY OF ILLINOIS 

G. Miley et al. recently reported (4 5] a series of unique measurements th^ employed various metallic (Ni. Pd, Ag, 
Ti...) thin fihns (500 K) coated on millimeter-sized plastic beads. These beads served as the cathode in a flowing, 
packed-bed clectrolyTic cell. One molar Li 2 S 04 in light water was used, w th the objective of studying proton- 
induced metal reactions. Rtms were carried out over a three-week period with aO.I W input and a measured output 
of 0.1 -5 W. Analysis of the beads was done before and after the experiments using high precision techniques in- 
cludmg N AA, SIMS. EDX, and ICP-MS. A wide range of new eiemeats were found in the metallic films fcUowii^ 
the runs. These “reaction products” had mass numbers mging well below and above the base metal mass number. 
In sevml nins. very high yields of reaction products were obuined, the key products comprising approximately 40 
atm % of metellk film following die run The increase in mass of eight key eiements appearing in the thin films 
(A!, Ag, Cr, Fe, Cu, V, Co. Zn) was measured by NAA in the fibn. electrolyte, and cell components before and after 
a run. As illustrated in Figure 4, most elements increased in mass by »i amount that was an order of magnitwle or 
more greater than all of the corresponding impurity present in the ceil elecirolyte. the major source of impurities 
Further, diere was no evidence of a pitf mg out, i.e., s^ificant reduction of impurities in the electrolyte after a run 
Furtiier. the “new” element crmcemrations peaked in the fihn volume rather than at the film-electrolyte interface. 


SOME NAA ELEMENT RESULTS FOR 
RUN #8, NI FILM 



Increase, mg 

mg, 100 ml 

R»io* 


Per 10' beads 

electrolyte 


Ag 

1.5 

3x 10-^ 

500 

Cu 

1.1 

8 X 10’ 

10 


*mg mcrease/mg electrolyte 

DeviatkMi froan natural abundance, NAA on I I bead sample. 

Ag-107 +3.9*/i ±12 Ag-109: -43%: 1.3 

Cu-63 - 3.6% ± 1.6 Cii-65 - 8 1% 3.6 


Figure 4. Large Yield of RPs in Fi m. 

As also shown in Figure 4, these elements typically exhibited a small but lignificant deviation from natural 
abundance. All of the facts provide strong evidence for production of the;e elements by nuclear reactions. A 
number of additional isotopes, up to seventy in some runs, were observed >y SIMS to increase. However, this 
measurement uses a localized region rn the bead and suffers froin possibU line overlaps, introducing added 
uncertainties compared to the NAA results Further details oi the e.vperimmts and the coated beads are provided in 
H.5J 
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these results were unique in that the combination of thin films and analytic techniques allowed a reasonably 
accurate tneasuremeni of the reaction product concentrations, several prior studies had reported a similar array of 
products. |61 The latter studies, however, typically used thick electrodes and the products were found micrometers 
beneath the surfiKe in a thin zone, roughly a thickness of the present thin films. Due to the "dilution’ of the 
products by the base metal, absolute concentrations are difficult to obtain m such experiments, so the main focus 
was on non-natural isotope ratios. 

The key characteristic of the reaction products found in the thin-film measurements as well as the earlier solid 
electrode studies cited, is a grouping of high-yield elenrents in roughly four "zones" of mass number. This pattern is 
clearly seen in Figure 5. 



Figure 5 Reaction Rate vs Mass Number 

Additional key experimental observations that appear to be characteristic ^f these reactions include a lack of high- 
energy radiation, the production of nearly ..table elements, the observatior of low-energy X-ray or beta radiation for 
beads following a run, and non-natural isotope ratios. Further, since reaction products have been observed 
consistently in twenty runs using various metal films at the University of Illinois, the thin-film configuration appears 
to be an effective method to “initiate" reactions. Also, unlike solid electrode experiments that appear to have local 
active regions, sometimes giving volcanic-iike spots on the electrode surface, the thin films appear to react more 
uniformly. While the film surface is roughened during a run, no significant local artifacts have been observed from 
StM studies. With these characteristics in mind, the author is working on a sctni-empirical theory RIFEX 
(Reaction in a film-excited compleX) and this theory is briefly described next. 







RIFEX THEORY 


The RIFEX model is based on die observation that the yield pattern in Figure S resembles a Fission spectrum with 
valleys of low yield lying at A - 20, 38, 97, and 15S. This suggests that the corresponding compounding nuclei, 
lying at A 40, 76, 194, and 310 fission to produce the pattern of light aid heavy products on each side of the 
valleys. These compound nuclei, termed complexes, designated X*, are theorized to be created through BCS 
pairing of neutrons and protons. (This concept has some aspects similar to other theories that evoke ccHiipound 
nuclei to explain LENR effects, e.g., see (11 - l41.)The corre^xmding liquid drop model predicts that the observed 
complexes are marginally unstable to fission. The initial complex immediately breaks up into several lower mass 
complexes, which then undergo fission into an array of products. The fusion fragmentation for this pairing and the 
corresponding reduced excess energy is predicted to yield near-st^le elements, in agreement with the experiment. 
The overall reactions involved are summarized in Figure 6, where reactions involving Ni and Pd, corresponding to 
data from runs in Figure 5, are shown along with various possible rcacta its (thin-filni materials) The reactants 


• f20n* 

- 5Ni-58] = 

(X*f3I0 = 

X*-I94 

* X*-76 + X*-40 

• I12n» 

+ Pd- 104} - 

(x»)-n6 

X*-76 

+ XMO 

• [2n* 

* Th-2321 = 

(X*)-234 = 

X*-194 

X*-40 

• {%* 

^ Ag-!07] - 

(X*>-t»6 - 

X*-76 

X»-40 

• [33n* 

* Bi-209] = 

(X*)-232 = 

2X*-II6 

= 2X*-76 + 2X»-40 

• [20n» 

- 2Ti-481 = 

(X-, 116 = 

X*-76 

+ X*-40 


Figure 6, Illustrative Complex Nuclei Pathways 

generally “funnel” into the lowest mass quasi-stable complex available, m friese cases X* = 116,232 and 310. This 
in turn determines die “breakup” states. Again, a consistency with the experiment is observed because Ni (runs 8. 
18c, Fig. 5) gives high yields in all four mass numbo- regions; whereas, Pd has the highest yields at the two lower 
mass number regions. This is consistent with the predicted breakup of fr e respective postulated complex nuclei in 
Figure 6. The predicted preference to form lower mass number complexes for reactions with I h, .Ag, Bi, and Ti is 
also in general agreement with data for these materials repotted by N. Gokul [15] and by i. Patterson J16 j. 

The penetration of the Coulombic barrier and subsequent frmnation of the complex nuclei in this mode! rely upon a 
combination of the swimming electron layer (SEL) theory for thin films, and subsequent coherent osciliafion of the 
lattice nuclei, ultimately leading to the multibody reaction complex illustrated. While these events proceed 
sequentially, the overall result is the combination of a large number of virtual neutrons, n*. with the base metal 
nuclei, as shown in brackets in Figure 6. The formation of the virtual ne itrons follows from an electron-proton 
capture process such as proposed by Stoppini [17] 

The RIFEX model is also in rough agreement with the overall energy ba ance observed experimentally. A 
comparison can be made by taking the sum of the products of all of the riaction products and their binding energies 
and subtracting the similar sum for the reactants. When this is done for Mi-based material, using the reaction 
product yields from Figure 5 and the proton-Ni ratio from Figure 6 to compute the reactants (assuming nucleon 
conservation), a power level of 0.9 W is predicted, vs 0.1-0 5 W recorded experimentally. A similar calculation for 
Pd yields a somewhat higher power output, again consistent with the exferiments Some of the reaction energy is 
also carried off by neutrinos created during electron capture, but this fra< tion is relaiively small in mosi cases. 

In summary, while the RIFEX model prediofs some of the important trerds observed in reaction product 
experiments, it assumes various features such as SEL penetration, cohen nt oscillation collapse, and nucleon pairing 
which are radical departures from conventional nuclear physics. Thus it or other contending theories, need much 
more study before a fully acceptable theory is possible. RIFEX is presei ted here, however, to illustrate the type of 
radical “new physics" that would be required to explain the observed ph'inomena. Oth'r theories that also predict 
some features of these experiments include Kucherov’s "slow excitation model" |13) and a recent unpublished 
modification of Fisher’s original “polyneutron model" [12], and Prepara a’s QED model. [II] In each case, radical 
departures from traditional physics are involved which require verificati'in. There arc other important differences 
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among the theories, e.g., Fisher’s model does not involve complexes or fission, but relies on polyneutron 
propagation reactions to build up high mass elements. 

CONCLUSION 

Mounting data suf^rts the reality of low-energy nuclear reactions in solid-state lattices loaded with hydrogenous 
gases under a variety of conditions. The situation is complicated, however, by the possibility that several different 
reaction regimes exist: e.g.. D-D reactions in PF cells, hydrinos in Mills cells, tritium in Claytor’s cells, and an array 
of fission products in the Miley-Patterson cells (cf. Figs. 1,2). One challenge is to find some commonality between 
the initiating and reaction mechanisms, which can tie together the seemingly disparate results. Before confidence 
can be gained in the area of LENRs and theories can be sorted out by benchmarking, it remains necessary to develop 
an experiment that provides good reproducibility. The dtin-film experiments described here appear to be a step in 
this direction, but confirmation of this will depend on demonstrations of reproducibility by a number of independent 
laboratories. Should the existence of LENRs be verifivd, as anticipated in this paper, the implications are immense, 
both scientifically and nractically. For example, the power densities repotted in present cells are quite high, such 
that a simple volumetric scaling could be used to quickly develop 10-100 kW power units, in addition, there is no 
obvious hmdamental block to going to yet much higher power levels, but new designs would be required to handle 
the extreme beat loads involved. 

Acknowledgment . M. Millis is to be congratulated on organizing a meeting where phenomena like this could be 
discussed in a constructive aunosphere with due skepticism, but—without the preconceived notion that it must be 
wrong because "conventional physics is (seemingly) violated.” Only such free interchanges can foster 
'breakthroughs.' 
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ABSTRACT: p ^ 

Nev propulsion methods for interstellar spaceflight will most probably require new on-board energy production 
methods deriving energy from presently unknown sources. 

An experiment conducted by the author in 1981 with a very simple device showe j a measured energy output 
significantly greater than the measured energy input. The origin of the exces<- energy was and still is unknown. 

The purposes of this paper are to describe that experiment and to urge that it be repwcafed. If the anomalous excess 
energy is seen again, then this experiment might reveal its source and show how it can be enhanced. This may lead 
to a previously unknown source of energy that could be harnessed to drive the propulsion methods that can take 
mankind to the stars. 


INTRODUCTION: 

In recent years, there have been a number of claims, in both scientific journals as well as patents, of devices or 
processes that produce anomalous energy effects, sometimes including an energy output greater than the known 
energy input. The.se include anomalous excess heat produced under special conditions in some solids (Patterson, J.. 
1997), electrical discharges through water (Graneau, P.. 1985), organized electron clusters (Shoulders, K., 1991), 
and others (King, M., 1992). 

in 1981, this author was part of a team that conducted an experiment with a very simple device in which the 
measured energy output from this device was significantly more than the measured energy input. Estimated 
experimental errors were relatively small; the anomaly appeared to be real and not readily explainable. This 
experiment has apparently never been published. Whatever the origin of the excess energy, this experiment should 
be replicated and the phenomenon explored further and enhanced, if possible. 

Specifically, a source of radiant heat energy being used for other tests consisted of a piece of carbon (graphite) 
heated (in air) to white hot incandescence with dc electricity. The electrical power heating the carbon and radiant 
heal flux emitted by the carbon were carefully measured, and data were recorded by a computer. The mass of the 
carbon, before and after heating, was also measured. Even taking into account the relatively slight amount of heat 
caused by the combustion of the carbon, the output power at equilibrium was approximately 152% as large as the 
input power 


THE ORIGINAL EXPERIMENT: 

Unfortunately, only some pieces of the data from this intriguing experiment still exist. These are: 

1 he experimental apparatus (refer to Figure 1) consisted of the elements listed below, 

• A rectangular piece of graphite (purity unknown), which had dimensions (the part that was heated to 
incandescence) o.*' approximately 8.9 cm long, 1.6 cm wide, and 0.24 cm thick. 


I.^l 




Figure 1. An experiment that produced anomalous excess energy 




• I he electrical po^er source, consisting of four truck-type 12-volt lead-acid storage batteries connected in 
senes Lach battery was fully charged to a voltage of approximately 12.8 volts. 

• A calibrated volinieter to measure the voltage across the graphite and a calibrated shunt to measure the 
electrical current through the graphite. 

• A water-cooled, calibrated calorimeter used to measure the heat flux radiated by the incandescent graphite. 

This instrument was used within its rated range and had a calibration traceable to the National Institute of 
Standards and Testing (NIS1). The calorimeter was positioned approximately 0.4 cm from one of the large 
faces of the graphite, approximately 2.5 cm from an end of the graphite, and on the longest centerline of the 
large face Other details of the calorimeter are no longer available. 

• A heavy-duty switch consisting of several car-starting solenoids connected in parallel, used to complete the 
circuit through the graphite, 

• A separate timing circuit that energized the solenoids thereby allowing current flow through tie graphite for a 
predetermined length of time, which was typically 10 seconds. 

• Heavy-duty cables that connected the batteries, graphite, current-measuring shunt, and heavy-duty switch in a 
series circuit. 

• A ccmpuier and associated equipment to record the data. 

• A laboratory balance used to measure the mass of the graphite both before and after a test .un to determine the 
mass loss of the graphite due to combustion 

The data measured for a run (w ith ty pical values taken during a steady-state p<»rtion of that run in parentheses) were: 

- voltage drop across the graphite. (33.61 volts); 

- current flowing through the graphite: {502 amperes); 

- heat flux radiated from the graphite. (759 watts per cm* area times the incandescent area of 32.75 cm% which 
equals a total radiated output o. 24 86 kilowatts); 

- graphite mass loss due U) combustion in air. (0.255 grams); and 

- run duration: (10 seconds). 

In addition t^) the radiated heat output, a significant amount of heat was conducted from the graphite through the 
water-cooled metal clamps that were holding the graphite and providing current contacts The flow rate and 
temperature rise of this cooling water allowed the ptiwer conducted away in this manner to be calculated There 
was also a small convective heating of adjacent air. which was calculated by a method described in a heat transfer 
textbook (Incropera and DeWin. 1990), 

The energy (actually power) balance for one particular run was as follows: 

- radiated output power; 24 86 kilowatts; 

- conducted output power; 1.74 kilowatts; 

• convected output powc-: 0 14 kilowatts; 

- electrical input power- 16 8? kilowatts; and 

- chemical (combustion) input power: 0 76 kilowatts (This assumes the carbon burned to yield carbon 
dioxide, which would give the most power.) 


I 



ilie calculated ratio of output power divided by input power was then; 


Output Fwr ^ (lA ttkW * \ J4kW - 0.14 tlK i ^ 26.74 kW , ^ - 152% 

Input Pwr (16.87 *ir « 0 76 *»') 17.63 *1^ 


Others at this same laboratory had previously ccmducted esseiMially tie same experiment except that the 
incandescent heat source was a 0.63 S-cm-diameter graphite rod and 'he calorimeter was placed fiiilhei away from 
this rod On several occasions, the investigators had measured a radiated heat output power that when divided by 
the electrical input power gave a ratio of more than 200% (They dit not measure conducted nor convected output 
powers nor t**' mass loss of graphite due to combustion.) 


THE DESIGN Of THE PROPOSED EXPERIMENT: 

It is proposed th<^ present experiment be conducted in the same mmrer as the original. If (undamaiUi parameim 
w ,;ie changed, bie excess energy (if it is real) may not appear and tl e reason would not be learned. However, this 
stiM allows improvements to be made in areas such as instnunentatio i. The electrical power source should again be 
fou tr jck-tv'pc 12-volt lead-acid storage batteries connected in serie;.. 

The dc electrical power (watts) delivered to the incandescent graphit : is the product of the voltage dr<^ ( volts) and 
current flew (amperes) through the graphne Voltage drop and cunent flow data are recorded in the data »:quis!t]on 
computer. The radiant energy emitted by the graphite is measured with a calorimeter with output that is an 
electrical signal, which is also recorded in the computer 

Primary experimental data, recorded in a computer (at sclcaed time intervals, e g , every 0,! second) by using die 
appropriate software and signal conditioning, will consist of; 

- voltage drop across the graphite; 

- voltage drop across the calibrated shunt (from which current How through the graphite is calculated), and 

- the electrical signal from the calorimeter (which allows the ra Jiant heat flux emitted from the graphite to be 
calculated) 

The ends of the graphite are physically held by copper clamps whic i also serve as electrical current connections It 
is necessary that these clamps be water-cooled, or they will mch 

Additional experimental data will consist of; 

- volume flow rate and temperamre increase of the cooling wata^ to the graphite current connection clamps, 
which allow conducted neat output power to be calculated; aj d 

- mass of the grapiiite before and after heating and run duratiui, which allow combustion input power to be 
calculated 

The output power convected away by air is relatively small, but this can be calculated (Incropera and DeWitt, 

1990). 


THE DIFFICULTY OF MEASURING RADIANT HEAT ENEIlGV; 

Nearly all the energy output from the graphite will be radiated heat, and it is recogni/ced that its accuntc 
measurement is not as straightforward as the measurement of the otlier parameters, e g.. voltage, temperature, and 
mass 1 <-.r example, one problem can be caused by heat reflecting Hick to an emitlint’ surface, causing a different 
emitting surface to emi» more heat To be sure radiated heat will be measured as accurately as possible, it is 



proposed that pan of the planning ;xoccss for this experiment will include a trip to a laboratory known for the 
accurate measurement of radiated heat, which could perhaps be a seaion of NIST. This t ip is mcluded in the 
estimated costs 


SAFETY CONSIDERATIONS; 

• Ignitablc surfaces must be kept several feet away from the incandesemt graphite. 

• Hydrogen must be vented propofy when the lead-acid storage batteries arc recharged. 

• four batteries connected in series will (n-ovide appro.s .malely ,50'Vo»fs potential, which re(|uires common 
sense precautions ir. its use. 


ESTIMATED COSTS: 

The estimated costs of equipment and labor for conducting this proposed experiment are given in the table below. 


Matenab. Hqufiment. and Hardw»e 

$1,500 00 

Instrumentation and software 

$2.850 00 

Travel 

$4.000 00 

l abor 1600 hours for planning, procurement, fabricaurn, calibration, and testing) 

$30,000.00 

TOTAL 

$38,350.00 


The above costs assume that fabricatmn and assembly of experimental components couid be completed and enough 
test runs conducted to determine if the anomalous energy, measured in the original experiment, is real or not If the 
anomalous energy were seen again, the cost of additional testing would be mainly for labor These costs also 
assume the testing facility is already available, and they do not include suggested improvements referred to m the 
ncsi section 


SUGGESTED IMPROVEMENTS: 

If the anomalous excess energy is seen again, the following are ways the experiment may be enhanced to explore 
this phenomenon further 

• The chemical reactions (combustii'ni of the graphite could be eliminated by enclosing it in an inert gas (eg., 
argon) or m a vacuum. This also allows for mote continuous operation, providing the power source has enough 
capacity 

• Rather than using a radiant flux calorimeter. «he incandescent graphite couid be enclosed inside a calorimeter. 

• Different purity grades of graphite could be tested if the anomalous effect is caused by impurities in the 
grapfiilc, then the graphite should be intentionally doped’ with various elements (one at a time) to leam which 
ones are responsible Thi.r could lead to a major enhancement If anomalous excess energy appears only when 
the graphite is doped with a specific element (or elements), then this could he evidence for the occurrence of 
anoui.ilous excess heat produced under special conditions in some solids Whether the graphite is doped or not. 
It should be chemically ar aly eed before and after heating. If anomalous excess cnergv was emitted by 




extremely pure graphite and the graphite the same purity aft a- heating, then perh^ some other source of 
energy, such as "zero point energy”, is being tapped. 


CONCLUSIONS: 

In conclusion, ftte search for an unknown source of energy should begm with anomalies already known. The 
experiment imposed here is fundamentally very simple and has alreiidy been partially leplicated; however, it should 
be replicated again. If the anomalous excess energy is seen again and it can be determined that it is real and is not 
due to experimental errors, the fundamental simplicity of this experiment may allow the phenomenon to be 
significanUy enhanced. This phenwnenon might then be developed nto a fuel-less energy source of a suffKient size 
to drive interstellar soace vehicles. 
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ABSTRACT: 

The speed of light is a barrier that prevents subiuminai craft from reaching superluminai speeds However, if speed 
becomes cxmiplex, we can go “around” the light speed singularity the way a car faced with an insurmountaUe road 
block might leave the road to go around the barrier.{l] The treatment is a mathematicai device. In theory, it makes 
possiUe mud) hi^m- speeds without severe energy d^ands or other drastic relativistic ^ects. In practice, chaUe^es 
ex»t in the model, the most obvious being that no known physical inter|Hetation exists for complex speed. Howe^, 
precedent does e.xist for physical meaning derived from complex numbers. Drawing aaakigies betwi-%D such theories a^ 
th' f-omplex speed formulation can <dfer insight into the physical interpretation and may suggest experiments that will 
further the goal of breakthrough propulsion physics for interstellar travel. 


INTRODUCTION; 

The speed of light, c. Is a barrier that prevents subluminal objects from reaching superluminai speeds If we make speed 
complex, we can go around c in a manner anak^ous to a car faced with an insurmountable road block Iravii^ the road 
to go around the barrier.{l] The theory itself is simple, but the ebalieages it presents are anything but bland, the most 
obvious being that no known physical interpretation exists for com^^ex ^leed. However, precedent does exist for (^ysicai 
meaning derived from complex numbers. Drawing analogies betweoi such theories and the complex speed formulation 
offer insight into the physical interpret^ion and may suggest expmments that vrill further the goal breakthrough 
propulaon physics for interstellar travel. Sec. 2 of the paper summarizes the physics involved. Sec. 3 presents the 
complex speed formalism, and Sec 4 considers analogies that offer physical insight and suggest paths to verification 


SL PERLUMINAL PHYSICS. 

A large and growing body of research exists on superluminai physics,[2]-[l3] and many reviews and bibliographies 
have been compiled.[14]-[17] Tlie paper that introduced many modem ideas on the subject is the article by Btianiuk, 
Deshpande and Sudarshan [2] Feinberg introduced the word tachyon, from the Greek word tachys meaning “swift ” [3] 
Two words ate offered for subiuminai particles, “bradyon” from the Greek word for “slow” and “tardyon” from the 
obvious derivation.[14, 16, 17J To avoid the similarity between tadiyon and tardyon, 1 follow Recami and use bradyon. 
Following Bilaniuk and Sudarshan, I use'iu.xon” for particles with luminal speed.|16] 


Properties 

Special relativity predicts that the transition from sublight to superluminai speeds is impossible because object 
traveling at light speed has Snite mass relative to slower reference frames. However, the theory d.jesn’t actually rule 
oui superluminai processes Assuming it liolds in .a superltitninal universe, it can Ixe used to predict the behavior of 
lachyoiis, which have c as their lower speed limit. This suggests three classes of objects: hradyons (Class 1 particles) 
that travel at subiuminai speerls: luxons (Class li) that have no mass and travel at light speed; and tachyons (Class III) 
that travel at superluminai speed.s 

Tachyons and bradyons show significant differences in their predicted behavior. Suppose a .space ship can travel at any 
speed a. where ju| < r Two observers keep ir.ack of it, one m reference frame 5 and the other in S' The frames .share 
a coiniiion x a.xis 5' moves at speed . relative to S. where |et < r: and u is measured relative to S. If the observer in 
.V records the ship as iravelin(> distance Ax in lime At, tin- Lorentz transformations give the intervals m S' as(l7] 

Ax' = Axi I - -) A/' =: 7 At( 1-^1 n) 


1.17 



J = ti/i acut 7 = 1/^1 - J-. uii the values n aitd llie distaiire interval Ax' can have the same or 

the o(>j).^itp sign as Ax However, |m»t < . ' for all u and v. so Al' always has the same sign as At An observer may 
tts ord a sliip moving iit either the +x or - » diret tioii. but every obs< rver agrees the .ship go« forward in time. 

At superlismuial speeds, juj > c, and time aiwl si>ace interchange charteter Assuming the observers are still sublummai, 
jnf > ji-l and Ax' always has the .same sign as Ax. but At' may hav? either the same or the opposite sign as At. All 
olwervers agree on the ship's direction 111 space but not in time. This gives rise to the so-called causality problem. 

ITie Uaiisformatiow also predict that if we observe a particle moving nto the past, we measure its energy, E = Xftr. as 
tiegalivi* Here the mass M = mfl7, where mo is the rest mass.[l^ Le'. E and At be energy and time intervals in frame 
say for a particle with speed u that travels Ax. If £* and At* are the energy and time intervals in S', tli«n{17J 

When tti > C-, both E* and At' change sign relative to their values in S. Eq. 2 is inconsistent with the known stability 
of the universe because matter is uastabie against the emission of par .kies with E < 0.{3, 17] 

Aemt^retatum provides tme way to resolve the prot^m; a taefayoa with amative enogy going into the pa«t can 
be reinterpreted as an anti-tachyon with positive en«tgy goii^ into the future, from its destination to its pmnt 
origin (2. 16] Suppose partkle P, emits a taebyon with energy £ > 0 that travds until particle ^»orbe it. (^sttvers 
who meaaire its aiergy as negative would record its absorption befon- its «nnskm. Reint^ptetatkw wrests th^ see 
tiK time-rev«sed process; £» emits an anti-tachyon with £ > 0 that travds into the future until P. abst^x it. Not all 
c^xervers agree on tl e events, but the laws <4" physics as we know then remihn valid.fl^ 

Heinterpretation is the temporal analogy a famiiiat phenomenon. Cmsida two mibiumindcars. Person P. Mves his 
car >t speed and person P* drives hers at a*. We watch from the lidewalk and observe 0 < v, < vs << c, so car a 
goes by us in the same direction car h- However, driver sees car a movi^ backward. That Pt sees a gmng backward 
and we see a gmng ftxward crr;ites no paradox because all the obser'ati<»s are consistent aiiM»g th^nsdves, rda^ 
through the Galilean transformations- Everyone agree.s. for example, that P* and P* arrive at their destination even 
though not ail observers see it happen m the same way. 

Now say P4 is tlie pilot of a superluminal ship and P« is a rodiet ^ieiiUst taking data from an observatory. P. always 
secs himself moving forward in time because he is at re^ relative to his ship. However, suppose P* records him travding 
panward Can she observe P^ go back in time and prevent his own b rth'’ in analogy with the spatial example above, 
the pilot s observations must be consistent with th^ of everyone else He experiences his life in a timeline that for 
him always goes into the future If an event stopped his birth, it would have already happened in his timeline, which it 
didn t. The events of bis life as observed from all reference frames, including his own, must be consistent. This doesn’t 
mean Pa can never appear in his own past, only that he can’t change what he has already experienced. 

One might be tempted to call this is predetermination. I would argue hat the human will is too complicated to fit into 
our current models <rf the universe. But even if all events are predeteri lined, for most of them we havr 410 way to know 
in that determination In essence our decisions remain indistinguishable from free will 

So what does P^ actually .set when Pa goe- into the past" 

ImagiiH* P.i initially travels into the futu-" relative to observer Pt Hs ship reaches *1 at lime tj, as measured in his 
frame. .\f xi, his ship lakes on a speed such that Pi, observes it goin( pastward until i' reaches at time l2- H fhen 
takes on a speed such that Pi, records its motion as futureward while I continues to x.7 Then Pb first sees the ship at 
x'.j, where the prime indicates the measureiiieiil is in her frame P« < n the other hanrl Gl>serves himself continuously 
traveling forwanl in lime from X] to X3 In other words P* records li < t? and Pi, records t\ > <!, 

The e.\iension of reinterpretation into a macrcscopic realm has problems associated with it. as discussed below, but 
df»es give an interpretatlo :i for the scenario described above. At x- and Ij. the observer sees two ships create by 
jiair-prixliK lion one matter and the other antimatter |this r<K|u»res enmgh mass ii> the vicinity to ensure conservation 
laws are >ati.sfu’d) The matter ship travels to x. The .antimatter shi» goes from x[, to x', along a time-reversed path 
rripare<! to what pilot P„ ••.x(>enences himself as he goe.s from xi •' Meanwhile. Pi, sees a third ship approach 
x'l alnio.si a twin to the matter ship now "omg from x'., to Xj (the .ships aren’t ide- ticai because they are at different 
points aioiig the trajectory) .At x', and t\ the uiitimatter and matter ships meet and annihilate, producing an equivalent 
ami,>uiit of energy, mas.s, and eharge as tliii’ iiseil to i reale the antimatt>r and matter .ships at x,. .Although the different 
■ ii x rvrr-i see dramatically tlilfereiu even!.,, the processes are all consistent. Both P,, and Pi, see the same result: the 
ship arrives at its destination 





Of fours*', the in.-wrosToptf lud uf of this si:enario makes if ratluT iiit-ssy, on«' of thf main problems being annihilation 
between matter and antitnati. i (see Ref (l| for a brief discussion). In aridition. relativity predicts superliiminai objects 
have imaginary mass With J > 1. 


The -rme, is dropped in 


rcatnients and I will do likewise —but only for n 




The theory of superluminal reference frames provides a way to circumvent the imaginary nature of tachyons.[4]- (7) A 
larhyon wiih d > 1 relative to subluminal frames acts like a bradyon with 1/d < 1 relative to superluminal frames, and 
tachyons obey the same physical laws in superluminal frames that bradyons obey in subluminal frames. Combined with 
reinterpretation, this suggests the antiparticies we observe are actually their associated particles, but traveling backward 
in time 


Alternatively we could postulate an imaginary rest mass nta. 

nio = i/i when id! > 1 . (4) 

where p is re^. Imaginary niQ doesn't contradict known physics because as far as we know tachyons never go slower than 
light, so "rest” mass has no meaning Tor them. Substitution of Eq. 4 into the -ime root of Eq. 3 gives M = p/\/d® — I, 
which makes E = Mc^ real. Time dilation and length contraction can be treated in a similar manner.fl] 

Nothing in the Lorentz equations sets an uf^r limit on how fast tachyons can go. At speeds greater than - y/2c, 
ttiiK ccmtracts, l«igth dilates, and the magnitude of the mass decreases bdow Jmoj. If we are on a ship that accelerates 
to 1^1 = CO, the observer records that our ship has no mass, that it experiences infinite length dilation, and that an 
infinite amount of time passes for us while ncme passes fai her. Such objects are called “transcendent.”[2] Bilaniuk uid 
Sudarshan make the intriguing suggestion that the infinite length dilation for a transcendent particle is anedogous to 
a particle at rest having infinite position uncertainty.[16] This follows from the Heisenberg uncertainty princii^: the 
product of the unortainties in position and momentum, or energy and time, must be finite. A particle at rest has zero 
momentum uncertainty, so its position uncertainty is infinite. The interchange of space and time at superluminal speeds 
suggests that if the spatial uncertainty is infinite for a transcendent tachyon, then energy rather than momentum may 
be known exactly. [21] 

If our ship travels at speed J, it has momentum p = Mv. So E = moc^f and p — raocdy. The limit 1/J| -4 oo gives 
£ -4 0 and (pj -4 pc. This contrasts to the subluminal universe, where an object can have zero momentum but never 
zero energy. So bradyons have “zero-point energy” {E — moc*) and tachyons have “infinite-point momentum”(|p| = pc). 
Just as = 0 is not invariant for bradyons, but depends on reference frame, so |i?| — oo for tachyons depends on frame. 


GOING AROUND THE TREE: 

The sin.gMlarity due to the s/\ - iP in the denominator of 7 is easily circumvented by making speed complex; 

l3 = 0r+ iiir ( 5 ) 

For simplicity. I consider motion only in one dimension. Fig 1 shows coordinates for an arbitrary complex speed 0. 

= I -F d = r.^exp(jO+) 

0. =l-d = r.expliO.), (6) 

where r± and $± are the polar coordinates of 0± : 

r* = ^(i±0r)‘ + 0:- Oi = ±tan-‘ (7) 

With these defiiution.s. d+d_ =; I - d" = r,^r_ exp(i(0+ +(?.)! For pot; •' in the npper-half-plane ,n Fig. 1) (such as 
Pi, > 0 and <?_ < 0 For |.•olllts in the lower-hajf-plaiie. > 0 and < 0. In either case 



i:.f !» I.-, not ^ + 0_ + 2jrj. To mike the energy a fiuKtioti. we restrict its phase to 

an interval when- if is siiigii -valued. The function in such an intervd is a branch of E and the singular points /i = ±l 
are hraiiiii point.s. A branch cut originates at a branch point, cai t be crossed, and is drawn to define the interval 
of 14 4- 1!_ where E is single-valued.(20] Fig. 2 shows three possibh cuts for the energy in Eq. 9. each of which has a 
lihysii al interpretation 



The branch cuts shown in Fig. 2a lie <») the real $ axn, one stretchin ; from -1 -4 -00 and the other from 1 -f oo. This 
configuration blocks the real axis for all f/S] > 1, so only |j9| < 1 is allowed for real ^ieeds and ?+=#_= 0. The ^ergy 
on the real axis is thus 


E 


mQp 

n/T^’ 


( 10 ) 


which is the usual form for E. In the universe reprinted by Fig. 2a, no object with real speed can ever have \0\ > 1. 
This arrangement of braiidi cuts thus corresponds, along the real axis, to the universe of bradyons 


However, suppose our ship’s speed corresponds to P in Fig. 1: 0{?) = rexp{»C). If ^ ^ 0, what will the observer 
measure for our energy? It seems reasonable to expect she will reco d either A) its magnitude or B) its read part. For 
the time being, assume my i.s real. Using method A on the energy g ves 



whereas with method B a modulating factor appears: 


(H) 


E.. =cos((i>_-l-4)/2i (12) 

Here E,- is the real part of F. Methods A and B yield identical results for real subluminal speeds and agree with known 
physics When |d! -4 cc. E -4 0 in both methods, as expected foi a transcendent particle However, elsewhere the 
equations give different results The method A energy has no phase angle dependence, whereas the method B depends 
on the phase +^+| When the phase angle equals fr. then Er = 0 and B predicts the observed energy is *ero for real 
superluininal speerls. 


Similarly, tiielhoil A predicts nonzero momentum will b*' observed fer real > c, whereas B predicts it vanishes The 
branch < nl.s in Fig 2a block that portion of complex s(>eeci space, bn. it becomes available 1^ we deform the cuts off the 
real a.xi- Metluxl B thus seems to suggest that wlieii our .speed is r;al and .superliiminai, we cease to exist Although 
the otiserver happily contemplates this as au end to her observation f roblems. she soon realizes that B only predicts the 
rffil parts of E and p cease to exist, It says nothing about tlieir imai inary parts Further in.siglit requires consideration 
of other sj>eeds. 




Liixmi.s 


fainiiiKit particles, or luxoiis (r.ivl ;\t ligiil They have i,.,, = 0; at. idf = 1 the niaas A/ is 0/0. which is undefined 

.Hid may yield a finite .mniber. For d 0, .su ch partic les cease to exist because M = 0 How do we define a luxon 
111 the complex speed plane' C onsider j/ii = ,/d; = 1 Fig .1 shows these speeds produce a circle of radius one 

centered at the origin and iiiieisecting the real axis at branch points d = ±i. On this circle, the equations encounter 
no singularities off the real axis Does this suggest luxons with ina.ss'* With A} + d; = 1, 

A/ = -^expH«».+fi+)/2i (13) 

Methods A and B thus predict 

l-'^! = “/2pf| ~ + ^+)/2) ' ^ 2 ^ ' 

where A/ =s Afr + tMi. fn either method, if mo 0, the observed mass goes to oo as d. --t 0. To ensure M remains 
finite at d = ±i, we can make nio = 0 for all speeds on the circle. Then A/ = 0 except at d = ±I This doesn’t require 
an object with mass never have !d| = 1, only that it always .satisfy 0, ^ 0 Conversely, adding an imaginary part to the 
speed of a massless luxon makes 7 finite, so Af = 0 and the particle ceases to exist. For these reasons, I use the term 
luxon only for massless particles with d = il 


Tachyons 


Consider Fig 2b, where the branch cut stretches from -1 -i +1- Now no points can be taken on the real axis for 
(d( < 1. so particles with real speed must always be superluminal. Fig. 2b thus represents, on the real axis, a universe 
of tachyons. 


For real speeds, Eq. 8 gives A/ = ttno/.dr^r_ if d > 1 and M ~ —tm^fyfF^rZ if d < -I (in the interval 0 < < x 
that defines the upper-half-plane) This is consistent with the £k|. 3, where 7 = T«/V,d; — 1. Extending the idea of 
imaginary rest mass to the complex plane gives 


mo = pexp[i(^+ +^-)/2l 



(15) 


where pt is real. Along the real superluminal axis this is the same result obtained with Eq. 4. However, along the real 
axis, Eq 15 gives mo = -»p if d > 1 and mo = i/i if d < -1- Hence, we no longer need to discard a root of M in Eq. 3; 
the phase of mo accounts for both. Eq. 15 is physically pleasing because it suggests that as speed changes, mo rotates 
smoothly through the complex plane rather than making a discontinuous jump from a real to imaginary value. Similar 
arguments can be made for time dilation and length contraction.{!] 


In either Fig. 2a or 2b it is inifiossible to draw a curve that lies on both subluminal and superlumin2d sections of the 
real axis In other words, if our ship has real sublight speed we can’t get into the superluminal universe with real speed 
and vice versa; if we leave the road to go around the road block, we can t return to it after we pass the barrier. 


However, other ways exist to draw the branch cuts 


Massons 

If we think of complex d space as curved into a sphere, Figs. 2a and 2b are actually different configurations of the .same 
branch cut. Envision two pius stuck in a ball such that only a few degrees of arc separate them. The ball’s surface 
corresponds to ail d space and the pins to d ±l A rubber band stretched between the pins represents the branch 
iruts. if we puli the band around the ball the long way from pin to pin, we have Fig 2a. The curving of complex 0 space 
allows x and -Xi to “meet" on the far sid** of t!ie ball, so the two cuts join into one To obtain Fig. 2b, we move the 
band so ii stretches the short distance between the pins 

Howover. with a bit of glue we can attach the band to the ball iii many other ways Kn infinite number of configurations 
e.xisl Tlie only requirement is that we anchor the branch cut at d = ±1, Fig. 2c .shows a third possibility Now ail real 
speeds are avpjlable except / = ±1. which means our ships can start at real sublighl speed.s and accelerate, via complex 
space, lo real .superluminal speeds This suggests the possibility of a ‘(^ass 0” particle that can go at any speed, real 
or complex, exirpt d = ±1 f'la-ss 0 would contain all particle.s witli mass suggesting the name massons. 
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A well rluxseii . ait j Wj IVoni .*.xp. ri.-u-mg h liig.' iiuie.usc ai a ship -passes" t As a resull. fuel consumption 
Cecil not Ik> high. In a^lditton. wc can avoiil utlwr relativistic effects, such as tame dilation, and so make journeys within 
a rc,-v.soiial>le titiic-fraiiie 


PHYSICAL ANALOGIES: 

What du imaginary components of physical properties mean? Precedent does exist for the imaginary part of a complex 
function having physical nieaniiig I consider two analogies: the ref active index for damped dispersion and quantum 
wave amplitudes Precedent also exists for using analogies to postulate new physics; Schrodinger, for example, developed 
his contributions to quantum mechanics by studying the wave ec|uat on for light. 


Relativistic “Absorption" 


The theory of dampeU optical dispersion has a complex formulation. The real part of n, the refractive index of liglit, 
gives the speed of light in a material. Its imaginary part provides a measure of how much the material absorbs light. 
Consider a molecule in an isotropic dielectric medium subject to EW field E = Ensmwf, with .V electrons per unit 
volume, electron mass m, and charge e. To a first approximation, the system acts like a mechaoicai oscillator driven by 
a sinusoidad force with frequency w. The refractive index for a raiified medium, n(w), is then[23] 


n^(w) ^ 1 -f 


_ l__ 

.“'o 


(16) 


Here wo is the resonance frequency of the oscillator (assuming it hais only one). We define a unities dispersion frequency 
jSrf = w/wo and a “dispersion” ‘n 


Eq. 16 can then be written as 

which has the same form as tlie relativistic 7, with w and wq playing analogous roles in dispersion to t and c in special 
relativity. 


However, classical dispersion theory neglects absorption. Energy losses due to absorption cause the oscillating atom to 
behave like a damped oscillator, with damping force / = mG'fd/t/df). where G is a constant and dR/dt is the time 
derivative of the displacement R experienced by the electron cloud. A’ith absorption, n becomes(24] 


Combining Eqs U) and 17 yields 




tom [(w2 - w*) - iGwJ 


(19) 


_ 1 _ 

s/I - 13^ - i(Jli.tiun 

With d = + *di, the complex 7 becomes. 


( 20 ) 


( 21 ) 


In dispersion theory, the ro.sonance occurs at .*1 = ±u>o. which can be rewritten as d<< = ±1 (only the root has 
known physical meaning) When absorption is ignored, 7^ -+ x. at tne resonance frequency. With absorption, the real 
p.vt of *,,( goes to Zero at = ±1 


The relativistic 7 -+ 'X at < = ±1 With d complex, the real part of 7 equals zero on the hyperbola dr ~ = C which 

includes )r = ±1 .Assuming .d, ant! d can be positive or neg.ative, both branches of the hyperbola have meaning If 
v;e take as the relativistic analog of the dispersion resonance the |K>i its where the real part of 7 = 0 (this includes the 
siiigiilantip,s m 7), then an oliject wilii d on the hyperbola “absorbnl" out of real space! This is consistent with mo 
being zero for luminal parti, les. As d, -» 0. the rclalivkstic resoiiaiic* goes to ±1, consistent with known physics. 
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pciu.itioiis for y and y.t siiggr^t the analogies; 


dispersion relativity 

1 - d; + J - I ~ 

M d. ^ f.’d^/wn 


Comparison of v/c with u/u^o suggests lir compares with dj. Note that the dr t—t (id doesn’t require /?« = 0; rather, 
it indi'-ates a constant in the dispersion model contpares with a variable in the relativistic model. This leads to 
di <—► which comes from applying dr <—» A to the second analogy relationship In other words, /?. “damps” 

the energy in a manner analogous to the way absorption damps oscillation of the electron cloud. 


Suppose we con.sider a small region axound c where di = ^/(2c), where 6 « c. Physically this corresponds to a “tight” 
pass around c. The imaginary speed then satisfies d? << .di. so 


yjl - 3^ - idr 


( 22 ) 


which has the same form as Eq 20 and allows the direct comparison S <—r G. Thus, near the light speed “resonance,” 
the complex formalism even more strongly suggests an absorption process. 


When a molecule has more than one resonance, a sum over uqj appears in Eq. 19 (j runs over dl resonance frequencies). 
This raises the intriguing suggestion that i;c may be only the first of many singularities on the real speed axis.[26] 


Quantum Wave Amplitudes 

In quantum theory, all information about a system is contained in V*. the wavefunction found by solving the Schrodinger 
equation (SEj, Hi’ = Ei), where H is the Hamiltonian and E the eigenvalue. Its solutions can be imaginary; the 
nieasuraHe quantity is the real energy E. Consider a particle in a one-dimensional box of length L on the x axis.[22] 
With 's its mass, its SE is h~/(2Tn)i’“ = Ei;. Only certain values of E are allowed, giving a spectrum of discrete 
energies: ^ - jr^h^/(2mL-). where n = 0,1,2,.... The wavefunction — C„+exp(iTiirx/L] + Cn_ exp(—inirx/L], 

where coeffic ts C„+ and C„_ derive from boundary conditions, such as V' = 0 at the edges of the box. The average 
value of any physical quantity F can be found from its expectation value < F >; 

<F>=/ rFi>dx. (23) 

JtlUpace 

V'* being the complex conjugate of ip. The Hermitirity of H ensures that if F represents a real observable quantity, such 
as momentum or position, then < F > is real. 

An analogy between quantum theory anr! special relativity suggests we measure properties for massons with nonzero 
di using some sort of expectation val-,. Tliis is consistent with method A, If antiparticles are tachyons observed in 
our universe, then perhaps the energies, momenta, and other properties we measure for them are actually expectation 
values for superluminal particles 

Now consider quantum .scattering theory The Greens function that describes the propagation of a scattered particle has 
singularities similar to those m the complex .speed formulation of special relativity The particle energy E is extended 
into the complex plane F = -i{ 1/2)1’ In the Breit-Wigner formulation, the probability of a transition taking place 

from initiva! state 1 to final state 2 derives from the cross-section rtij. which is the squared magnitude of a transition 
ainplitucle:(25] 

ip 

(Tij oc ——+ higher order terms (24) 

The quantity 1’ is the lifetime of the metastable resoiiame. Near the resonance energy Fre», the system forms a 
luetastalde bound .state, Tli" ic.sonance is a pole embedded in the energy continuum much the way the speed of light 
IS a pole einbedded in the spcetl cfiilimium of li. In scattering, multiple resonances slaie.s can occur, so an analogy 
between '.cattermg and complex relativity suggests more resonances might occur at |/I| > 1, again raising the possibility 
iliiit ( I-. c.nly the first in a di-e rete .sperirmn. The similarities among scattering, complex relativity, and “relativisti<- 
absorption ' suggest further investigation of the resonance si-ailering analogy This is the direction of current research 
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(i-nergy ii;is ;ia iiil< rpn talioii in sciateriiig tlwory; pi*rUf ps I'oitiplex relativisHi- quantititis have comparable 
.iit('rpretal.ioti.s in relativist ic l lii-uiy. ScaUcriiig phetionieiia are eas/ to ol»«rve. so if the analogy holds up, it may olfer 
Ijl.iu.sibic iiiterpr( tatioii.s ic; the imaginary pio|,>crties of superlum iial objects and insight into how we might observe 
(a< tiyons Finding laoliyutis be ;i (irsi step in <leieriniiiing how to ivecess supcrlumiual space ourselves. 

In the years since this work was begun,f'iT) a growing body of research on siiperluminal effects in quantum tunneling 
li.is a()ijc,ire<t.[8j [12] A tumicling system .has negative kinetic energy, which implies imaginary speed If tunneling does 
turn out to involve superlnminal effects, ii may help verify the complex speed formalism of special relativity 

CONCLUSIONS: 

The “law.s” of physics represent models that describe the universe to the best of our knowledge. A lack of evidence is 
not in il.self proof of impossibility In the past, leaps in understanding have been accompanied by a reformulation of 
theories that describe physical phenomena The complex speed formalism for special relativity gives a mathematical 
model that circumvents the sjjeed of light If the math can ^ translated into real pliysical phenomena, perhaps it may 
someday help make possible interstellar travel at reasonable speeds with low fuel costs and minimization of effects such 
as time dilation. Analogies with c!is[>ersion and quantum processes offer insight into the physical meaning of complex 
speed and experiments in quantum tunneling provide a possible m«ans to verify its existence. 
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The research of astronomers, and physicists has shown 
that the speed of light might not be an absolute 
constant. This could help open up avenues for exceeding 
light speed. Draining increasing mass energy, and 
altering the gravitational constant would also be helpful 
for both propulsion and exceeding light speed. 
Propellantless propulsion and the application of 
zero-point-energy could help provide the energy to travel 
faster-than-light. 


A 




speed Of Light Problea 

Einstein's theory outrules material objects achieving the 
speed of light. But it does not outrule faster-than-light 
travel. If we consider the speed of light to be a true 
absolute constant, exceeding light speed would require 
more energy than that contained in the Universe. Time 
dilation, and mass increase are also associated with 
approaching the speed of light. Satellites measurements 
have confirmed time dilation by comparing communication 
signals with satellite orbital speeds. 

1. Mitchell Pfenning and Larry Ford, of Tufts University, 
in Massachetts, calculated that the proposed Alcubierre 
Harp Drive would require a region smaller than an atom, 
and be sustained by the energy of 10 Billion universes. 
Although Alcubierre of the Max Planck Institute, in 
Germany, suggests that the quantum effects of gravity 
might hold a solution to the problem. 

Tachyon Theory 

2. General relativity does not outrule material objects 
that travel faster than light from birth. These proposed 
tachyons can’t slow down to the speed of light. 3. As 
tachyons lose energy, they speed up. 2. Tachyons tend to 
pop up ill the calculations for unified field theories, 
especially string theory. Alan Chosdos of Yale 
University, suggests that some netrinos might actually be 
tachyons. Aharon Davidson of Ben-Gurion University, in 
Israel, suggests that all elementry particles become 
tachyons when examined in four spatial dimensions. 
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4 . Relating to faster than light travel, Kinio Fujiwara.of 
the University of Tokoyo, has proposed that high energy 
gamma rays could travel faster than light. Divergence in 
field theories assume that every lire segment in 
three-dimensional space has a quantum structure similar 
to an atomic chain of atomic distance. This relationship 
becomes nonlinear at sufficiently high momentum. The 
symmetry is broken. Wave and particle properties of light 
break and travel at different speeds in relativistic 
guantum field theories. Energies between 10 to the 11th 
electron volts and 10 to the 12th E\ is required for the 
effect as measured from Earth. 

One problem with tachyon theory is the causality problem. 
Two observers might see a tachyon ccming from opposite 
directions. 2. With extra dimensions, causality might not 
be a problem, according to Davidson. 3. A preferred 
reference frame in space-time could eliminate causality 
problems in the calculations; but this would contradict 
the special theory of relativity. Easically, the problem 
of causality itself shows that the physics of tachyon 
theory is probably incomplete. Backward time travel in 
excess light speed, is an assumption of general 
relativity, based on the speed of light being an absolute 
constant. Perhaps time would speed up again in the future 
direction after light speed is exceeded. I propose that 
the speed of light might not be an absolute constant. 


The Speed Of Light As A Variable 

5. Energy and linear momentum are ccnsidered true tensors 
in space-time. But parity and angular momentum are 
psuedotensors. But if light speed involves broken 
symmetries, it might not be an absolute constant, but 
possibly a psuedotensor, permitting fascer-than-1ight 
travel. 

4. Using the rotation of the Earth to change direction in 
the propagation between two signals, results in a one way 
drift rate between clocks to within 0.001% of the speed of 
light. The departure from linearity for the separated 
clocks was 1.5ns 30% of the time, aid 1 to 3ns most of the 
time. The results indicate anisotropic distribution of 
matter in the Universe in dynamical absolute space. 

In other research, it was found that the Crab Nebula emits 
light at 7Mhz, which is far above tie limit of light speed 
suggested by quantum electrodynamics. There could be 
variability in the speed of light dspendant on frequency, 
and power source conditions. The phase velocity was not 
constant for two sources for fast rc-tating pulsars in a close 
binary system. 
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The coni'entional speed of light has been found to be 
constant to 4.8 parts in 10 to the 17th. But there is 
possible vector anisotropy in the speed of light, 
according to Paul Nachman and associates at the 
University of Colorado. 

7,8, According to research conducted by Borge Nodland of 
the University of Rochester, and John P. Ralston of the 
University of Kansas, radiations in the Universe rotate 
in a subtle corkscrew pattern, with propagation through 
the Universe. There is g,.cater rotational approaching a 
parallel direction of travel. Not all space is equal. On 
the internet, the researchers stated that their results 
took into consideration measuring errors, ""here research 
indicated that light travels through space in a polarized 
pattern, at two slightly different speeds. This effect of 
space notion also takes Faraday rotation into 
consideration. 

10. The speed of light might be slowing down over time. 
Alan Montgomery of Kanata, Ontario, Canada, showed over a 
250 year period, a light speed decay rate at a 
cosecant-squared curve, with a correlation coefficient 
better than 99%. 

9. As an explanation. Chuck Missler, Personal UPDATE, 

Jan. 1993, page 12, states that if electrical 
permittivity, magnetic permeability, zero-point-energy, 
or intrinsic impedance change isotopically; then both 
atomic behavior and the speed of light would vary 
throughout the Universe. Permeability has been shown to 
have changed over time, suggesting the possibility of 
decreasing light speed. 

10 . Alan Montgomery and Lambert Dolphin, reported in 
1993, in Galilean Electrodynamics, that there actually 
has been a decrease in the speed of Light over 250 years, 
after measurement errors are considered. Constants 
involving atomic phenoma, and units of time have also 
changed over time in relation to the speed of light. 

Today, atomic clocks and dynamical clocks run out of step 
with each other, due to changes in the sp^ed of light 
over time. Comparison with lunar orbital decay has 
indicated a slowing of atomic clocks. Data was analyzed 
with weighted regression, time distribution, accuracy, 
and precision. They confirmed another study by 
Setterfield and Norman. 

I propose that the light barrier can be broken by jumping 
between two light speed change variations, and coming out 
in the tachyoo range. 



Changing The GravitatioDiil Constant 

A Change in the gravitational constant of a spacecraft 
could serve both as a propellant source, and a mass 
reducer, as the spacecraft approaches the speed of light. 

11. In Reanalysis of the Eotvos Experiment, Ephraim 
Fischbach discovered an intermediate range coupling 
related to baryon number or hyperchirge field, connected 
with various elements. The experiment performed well 
outside the error bars, but Dr. Fis:hbach's explanation, 
regarding the relationship of metal properties to the 
experiment, was open to debate. 

12. This experiment confirmed an experiment done by Dr. 
Ervin J. Saxell, a postdoctrate student of Einstein's, 
where ne demonstrated variation in the gravitational 
constant, using a torque pendulum, raraday cage, and an 
electrical charge, baring equal potantial environment. 

He was able to raise and lower the gravitational constant 
of the materials studied. 

4. D.F. Bartlett and associates, at the University of 
Colorado, suggested that Eotvos experiment sensitivity 
would increase up to a hundredfold with the use of solid 
hydrogen for comparison. The experiaent measures the 
relationship of binding energy to njclear mass. N.C. 
Ritter, of the University of Virginia, suggested using 
superconducting spheres in rotation, to detect changes in 
the gravitational constant. He also suggested that the 
Eotvos experiment shoved that the gravitational force was 
independant of physical state and chemical structure, 
down to 10 to the -9 gravitational constant level. 

H.A. Chan and H.J. Paik, of the University of Maryland, 
at College Park, suggests that the spatial dependence of 
the gravitational constant could imply the existence of a 
5th force of nature. 

T.C. Van Flandern, of the U.S. Naval Observatory, 
indicated that lunar occultation, and lunar laser ranging 
experiments, show that the gravitational constant is 
decreasing at a rate of (-6.4+-2.2 K 10 to the -11th) per 
year. It is changing with respect to atomic time. Dr. 
James E. Faller, of the National Institute of Standards 
and Technology, informed the author of this paper, that a 
recent measurement of the gravitational constant, in 
Germany, was apparently carried out well, and showed a 
result substantially away from the accepted answer. 



Training Mass Energy Increase With Acceleration 

12,14. The Newman ma;_h’ne may deliver net energy output via 
electron spins coupled to the electro-weak interaction, 
conserved under supersymmetry, according to Paul Bruney, 
of Silver Spring, Maryland. The Newman machine has been 
scientifically tested, and does hold to conservation 
laws, considering that there must be an energy source in 
the process of the machine. 

Use of the Newman effect, in acceleration of a 
spacecraft, would involve a cycle which involves a 
temporary short circuit to the impeller to add power to a 
power source. This increased power is used to strengthen 
the impeller’s field, ^hich then repeats the cycle at a 
higher energy level. The process continues until 
resonance is achieved. The Newman effect produces from 2 
to 7 times the output power from input power. 

It would be possible to connect an AC transformer to an AC 
power source, connected to the primary winding. The 
secondary winding load would vary continously from high 
resistance to short circuit- As short circuit is 
approached, the field would increase in the primary 
winding. 

Mark Solis of Shreveport, La, suggests that an atomic 
particle approaching the speed of light, might increase in 
mass due to the kinetic energy imparted to it, by the 
accelerator. Drain off this imparted energy, as the 
particle approaches light speed, the mass would decrease, 
and the particle might exceed light speed. 

I propose that this mass increase energy could be used in 
conjunction with a Newman effect engine, to accelerate the 
spacecraft past light speed, while draining rhe mass 
energy increase from the spacecraft, if this theory is 
true. Also, its state in motion would be affected by the 
charge and spin associated with the magnetic field, 
possibly helping to alter the gravitational constant 
around the spacecraft, as it accelerates. 

Propulsion Needs 

15. There is a problem in using propellant to travel to 
the .stars. Traveling to Alpha Centari in 50 years, would 
require 100,000 supertankers of antimatter. 

16. Gravitational fields accelerate masses, and ectr ic 
fields accelerate charges. 



16. If a spacecraft could induce a f .eld around itself* 
and then couple to the gravity of a distant nass, it 
could conserve momemtum* and accelerate continously. It 
would be like dropping through a constant gravitational 
well. The gravitational constant wou^d be increased 
behind the craft and reduced in front of the craft. 

5,6,21. Physicist Alan Holt, formally of NASA Johnson 
Space Center, suggests generating extremely coherent 
electromagnetic energy patterns to atffect the 
gravitational constant around the craft, and then set up 
a resonance with a distant space-tim»‘ point, tunneling 
through the speed of light energy barrier, almost 
instantaneously to a distant star system. 

5. F.E. Alzafon suggested an alinemeiit and disalinement 
cycle of dynamic nuclear orientation which would create 
an electrogravity coupling, to escape the Earth’s 
gravitational field cheaply without propellant. 

18. The zero-pcint-energy of the vacuum of outer space 
could power the starships of the future. Gravity itself 
could be a drag on the ZPE force, according to H.E. 
Puthoff, as reported in Physical Review Letters. 

Interia might also be a side effect of 2PE. This ZPE 
could be used to alter a spacecraft's gravitational 
constant, as well as propel it to light speed and beyond. 

17. Throughout space, for every cubic centimeter, 
there is 10 to the 54th +-10 to the ;i8th grams of mass 
energy density. At 100% efficiency, this would contain 
enough energy to vaporize the Earth's oceans. But it 
should only be possible to extract this energy at low 
efficiencies, but still sufficient to power interstellar 
spacecraft, as well as make solar system spaceflight very 
cheap. The Casimir effect shows evidence that ZPE exists. 

5. R.L. Vallee of France suggests thiit ZPE could affect 
the gravitational constant around a spacecraft. 

19,20. Perhaps the most impressive e'''idence for ZPE and 
electrogravity effects can be shown i.n the research of 
John Hutchison, of New West, B.C., Cnnada. George Hathaway 
of Toronto, Canada told the author of this paper, that he 
has confirmed these experiments to a limited extent. The 
Hutchison work has been supported by R.L. Vallee of 
France, the Japanese government, the King of Belgium, and 
Dr. Hal Puthoff. 



6,19,20. John Hutchison has demonstrated electromagnetic 
levitation of non-magnetic objects at an increasing rate 
of acceleration. Objects can fly both up, and sideways. 
The shape of the objects witn respect to gravity effects 
the results of take off. A shield could be placed behind 
a spacecraft and the Hutchison effect used to accelerate 
it. This effect might involve electrogravity coupling. 

He uses Telsa systems. Van de Graaf generators, and 
signal generators to achieve results. He launched a 19 
lb. bushing that accelerated to 45 MPH by the time it hit 
the ceiling. He has achieved acceleration up to 132.15 
M/sfec. 

The Hutchison effect can also be used in metal 
disruption. The effects required 1000 to 10,000 times the 
amount of energy applied, suggesting the possibility he 
has tapped into zero-point-energy. 

John has told the author cf this paper, that some of his 
research is classified. In the 80s he worked with 
Lockheed. But he has also stated that he wishes his 
research to be used for peaceful purposes. 

One problem with the experiments is controllability and 
replication. It might takes days of work to see these 
effects. But John is confident that these effects can be 
controlled with increased energy and research. John has 
used some of this technology to produce controllable 
energy cells, whose energy levels, he can only explain 
with zero-point-energy. 

5,6. R.G. Zinsser, of Idar-Oberstein, Germany, has 
developed an electrogravity coupled propellantleas 
thruster that is 1000 times more efficient than the Xenon 
ion thruster. 


Conclusion 

Using speed of light variations, manipulating the 
gravitational constant, kinetic energy draining of 
relativistic mass, and by using zero-point energy, and 
electrogravity for power and thrust, the means will be 
found for star travel. 
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space (light by means of wonnboles is described whereby the traditicoal rocket propulsion approach can be 
afaantkmed in favor of a new paradigm involving the manipolaiion of tfuiceiimc. Macctme (1995) extended Levi* 
Civita’s 1917 magnetic gravity solution to the Morris and Tliome (1988) wonnnole solution and claimed that static 
h(Hnogeneous magnetic/electric fields can create spacedme curvature manifesting itself as a traversable vrannhole. 
Furthermore, Maccone showed that the speed of li(ht throurdi this curvature region is slowed by the magnetic (or 
eiet^c) induced gravitational field there. Maccooe’s analysis immediately suggests a way to perform laboratwy 
experiments whereby one could apply a powerful static homogeneous magnetic field in a vacuum, thereby creitting 
spacetime curvature, and measure the ^rcod of a li^t beam through it. Magnetic fields eoqiloyed in this scenario 
must achieve magnitudes > 10'° Tesla in order for measurable effects to appear. Cur.<mt magnetic inducrimi 
technology is limited to static fields of ~ several x 10* Tesla. However, destructive dumiical (implosive/explosive) 
magnetic field gencratian technology has reached peak ratc-of-rise field strengths of ~ 10* Tesla/sec. It is proposed 
that this technology be exploited to take advantage of the high rate-of-iise field strengths to create and measure 
:^ccumc curvature in the lab. 


INTRODUCTION: 

Rapid interplanetary and interstellar space flight by .leans of ^celime woimboles is posrible, in princqile, 
whereby the tiaditicma] rocket piopalsion approach can be abandtmed in favor of a new paradigm involving the use 
of spacetime manipulation. In ti^ scheme, the light speed hairier becomes irrelevant and spacecraft no longer 
00 x1 to cany Lirge mass fiactitms of traditional chemical or nuclear propellants and related infiastructure over 
distances larger than scveial astronumical units (AU). Travel time over very large distances will be reduced by 
orders of magnitude. Einstem puMished his General Theory of Relativitv (GTR) in 1915 In 1917, physicist 
Tullio Levi-Civita read a paper before the Academy of Rome about creating artificial gravitational fields 
(spacetime curvature) by virtue of static homogeneous magnetic or electric fields a.s a solutKm to the GTR 
equatimis. Thrs paper went largely unnoticed. In 1988. Morris and Thome published an exact solution to the GTR 
equatiems which describe the crearion of traversable wormholes in spacetime by viitur exotic (mass-energy pc^ < 
stress-energy t) matter-energy fields (see figures i and 2). Visser (1995) has cxtcndc-i and added to the knowledge 
base of this rese' '-h The essentia] features of these solurions are that wonnhoies possess a traversable throat in 
Miich there is l on or singularity. For the purpose of this study, we also impose the additional constramt 

that travel thro;. woimhole is causal, although, this is not a neces.sary constramt in general. When these 

properties are A together with the GTR field equadoos, it bectmies necessary to introduce an exotic 

material in the U’ jle’s throat which generates its spacetime curvature. 

Marcone (1995) extended and malcbci’ Levi-Civita's solution to the Morris and Thome soludon and claimed that 
the earlier describes a wonnbolc in spacetime. More specifically, Maccone claims that static homogeneous 
magnetic/electric fields with cytindrical symmetry can create sp^cethoe curvature which manifests itself as a 
traversable wormhole. Although the claim of inducing spacetime curvature is correct, Levi-Civita’s metric 
solution is not a wormhole. A near-terra lab experiment based cm Maccone’s analysis will be discussed, ll is my 
intent to introduce a new space propulsion concept which employs the creation of traversable wormholes by virtue 
of ultrahigh magnetic fields in a/njunction with exotic matter-energy fields. 1 call this propuLsion concept 
“Wormhole Induction Propulsion” or WHIP. It is speculated that future WHIP spacecraft could deploy ultrahigh 
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magneUc fields aluog wkb cxtitic matter- energy fields fe.g. radial < ketri;: or magnetic tkids, Casimir cnogy field, 
etc.) ffl !pace to create a wonnhok and then apply conventional pace propulsioo to move through the throat to 
reach the other side in a matter of mmutes <» ^ys. adtence the ipace*'- fi emerges several AU's or li^-years 
away hrom its startiiig pond. Ihe reipBremem for convenaaita! prupul^^tm m WHIP spacecraft would be strictly 
limited by the need foi sboit tiavd thnmgh the wormhde throat as well as for orbital mmeuvering near dtstant 
worlds The integrated system comprising the magnetic inda :UoD/exobc fidd wormhole and conventianal 
propulsion mms could he cadkd WHIPIT or “V/i»mhole Induction *rupulsHm Integrated Technology.’' 


THEORETICAL BRIEF: 

Levt-Civda's spacetane metric for a static unifinm magnetic field vas ongmally conceived by Patdi ('.^811: 
rfr ^ (tir' )^ + + (dx^ f + ~ [<^i < * >- 

whete c, and are mtegntian constants which ate detcrm-Jied by appropiime bomidary conditiaiis and 

at' ... .r^ are Caftesun coordmater. (.r’ ...,v' = spt.rf. x'* = timt ) with cwthographic prc^ectmc. The impmtant 
paiametCT in (! j is: 


a = = 3.4840x10*" ^ meters (2) 


which measures the radius of ^cetime curvanne induceti by a homogeneous magnetic held with cyimdricai 
symmetry (axis, - z) about the Jiiectfon rf the field (G = unisersal graviuoon constant, c = speed of h^ B 
^ magnetic field intensity m TesU: m.. ^ vacuum permeability - all m mks units) From the coefficumt of dx in 
(t), Maccone derived the “^leed of hgbt fimUKn” which gives the gnvitaaimally induced vanauou of light speed 
within the curvature regioa: 

“fi ‘ 1 

v(r) - 2r — co^(^) m/sec (3). 

At 'he cemer of this region (z -0 ). this bsi'xjmes: 

T ”>1 “ I 

v(U) = ^ 2c ;^fji . mi sec t4). 

for 0 < L << a. vdiere A' = = 3.4840x10“* Tesla*meter. Equation (4) is based on iJie assumndoo 

i » 

that the magnetic fidd is created b%- a vilenoid of length /. oriented along the r-ax;s. an-l that c ~ 3x!0' n’sec at 
the solenoid's ends (c = ±L/2f vduk at z - <?. r slows down a :cor<?ing to (4) because of the prtsei^ce of the 
artificially induced ^cetunc airvaturc. Funher, Maccone uivenol cquatiim (J. and solvtd for H to get 

B - '^f J 


EquaUuns (2), (4) and (5) are funnuia'.- to use lot creating and deteiticg spaceunie curvature in the lab 




Teckakal Issms 


TraversaHe wonnholes are cre»urcs of classical GTR aod represent lan-trivial topology diange m the ^ceumc 
manifold. This makes mathematicians cringe because k raises the questks of whetl^ topology can change or 
flttctu^e to accommodate wormhole crcaooo Black holes nal^ smgular'*':. are also creatures of GTR 
rqwesentuig tHio-tnvial topology change ui spacetnne, yet they are accepted by the astrophysics and 
commimiUcs - the foiuer by Hubble Space Telescope discovciies and the latter by theoretical arguments due to Kip 
Hwnie. Stephen Hawking. Roger Pairose and others. The Bekun-Aharonov effect is another exaggqifc which owes 
ks exigence to non-trivia topology change is the manifold. The topology change (oensorsii^) dierxems discnssed 
in Visset (i99S) make {ffccise rnmhematical statemems about the ‘’mathematician’s toprkogy^ (topekogy (ff 
spacedme is fixed!), however. Visser correctly points out that this is a nuahematical abstiactioii. in fact, Visser 
(1990) proved that the existence of m everywhac LtHcntzian meoic in spacetime is not a sufficietM cofutaicu to 
prevent taped, gy change. Fuithamore. Visser (1990, 1995) eUnrates that physic^ probes are not sensitive to this 
mathematival abstractioD, bm mstead they typically couple to the geometrical features of space. Visser (1990) also 
showed that it is pussiUe tot geoit. -al effects to mimic the effects of topology change. Topology is too Inntted a 
tool to accurately characterize a gr r.mc traversable wtmnhole; m gco^ oik needs genoetric infonnmiao to 
detea the presence of a wonnhole, or more precisely to locate the worndioie throat (Visser, private cammuiucaliaB, 
1997). 

Landis (1997i has made technical oibcisms <f Macctaie's (I99S1 work suggesting that the Levi'Civka metne in 
the presence of a mufoim ma^enc field does not form a wonnlwke wkfam the hfotris and Thrmie (<988) 
framework. While the Imter new is correct, the technical atgaments are not accurate os cnnqilete. dimgmg the 
coordinate system from Cartesian to cyhndncal (x' = rmsp. x’ = rsinp, x' = la x' = f) puts equaiion ( 1 ) mto ihe 
form (Maccone. 1995); 

ds‘ ~ [c, exp(i) -c, exi)(T)f + rfr* (6) 

This is a cleaner form, but what is the Len-Civka metric redly? We can frnd out from making a change of 
(radial) variable by lettmg r asini/. dr - acos&dO and sifostitating these utto eipiatioo (6): 

ds'^ - -[c, exp(^) -Cj exp(T)j ^ a^[d^ + sin^ | + dfc‘ (7). 

where a is (he coirstaat radias defined b>' equation (2>. The .^fral part of (7), 
dfT^ -- a^d€^ + sin^ j , IS recognized as the ihrjc-mctnc ol a bypercytuidcr 5“’ x X. So cquatun 
(7) dmws that Levi-Civiu’s spacetime metric is sunply a hypercytmder with a postboo depcndcal gravuauonal 
pckciKial: BO a.sympiotically flat rcgHm. no flared-oui wrumholc mouth and bo wonmliole throat. Maccooc's 
equaoaos for the r»lia] (hyperbolic) pressure, stress and energy density of the “magnetic wormhole'' ccnfiguratioi 
arc thas incoirea. 

is additioo. directing attentiuD the behaviev of wnrmh.'ile gcomeoy at asymptotic infinirv is not too profitable 
Visser (jmvate commuDicatioo, 1997; Hochberg and Vissci i99?) demoastrates that it is only the bchavioT near 
the wormhole throat that is critical to understanding ivfad is going on. and that a generic throat can be defined 
without havmg to make all the symmetry^ a-ssumpboas and wkboai a.ssuming (lie existence of an asympfobcally flat 
spacaimc to embed the wonnhole m. Otc only needs to know the gencnc features of the gcoanctry near the throat 
in order to guarantee violabons of the null energy coodmon (NEC; see Hawking and Ellis. 1973) for ceitam open 
regHms near the ihmat (Visser. pnvale citnuninucabon. 1997). There are general theorems of diffeienbal 
geomeby that guarantee that there must be NEC violabons (meaning exobc maner-encigy is present) at a 
wormhole throat, in view of this. tiovw;vet. it is known th^ siatic radial elcctnc or magneue fields are borderline 
exoo.; wb«i thrcadiBg a wonnhole if thar tension were infinitesmuUy larger, for a pveo energy den.sity 
iHctnnanu. y .vking and Ellis. 1973). Other cxoUc (energy ccaidiuoo vrolatiag) maner-eneigy fields arc 
known to be squeezed 5iates of‘be ek-ctromagneUc field, Ca.saair (ctecaumagnebc zero-point) energy and other 



quanlimi fiekls/sltfes/effKts. With respect to creatiiig vvQnnbc>ks, these have the wSMimgU: rqmtatioe of 
abrming physicists. This is wfimdQd since all the energy candhioD hypotheses have been experanentally tested 
ID the l^MiattHy and exp»miaitaUy shown to be blse - 23 ye:irs bef«e their ftnniulatioa (Visser, 1990 and 
references oteddieiein). Vkdatmg the energy conthtioiis commits no offense against nature. 


EXTERIMENTAL APPROACH: 

Table I below shows the raduis of ciffvatine gooCTated by a range of ina^ietic field strengths vu etpntian (2). 
Equations (2), (4) and (5) suggest a way to perfonn a laboratory experiment whereby one could apply a powerful 
static bomogencoiis (cylindricnUy synmaetiic) augnetic fidd in a lacumn, thereby creating ipacenme curvature in 
priDci|de, and measure the speed of a light beam throu^ h. A me-isuiabk slowing of c in this arrangement would 
demonstiate thtt a curvature effect has been created in the expoim nt. The achievable preciskm in measuring this 


Table L Radina afSMCCtjme CnrvInic Induced by R-Fidd 


BixXiUTalm) 

• imeien) 

1 

)«“ (I®5.7 fir) 

1®* 

10“ <1.00 fy) 

!•* 

10“ (0.II fir) 

It** 

10“ <00.7 ACfi 

ir 

fO" (0.07 ACT) 

i«* 

10’ {IM Solar Ram 

!•“ 

10* (0.10 Earth Kudu) 

t- ,,is -H 

W 

I0« 

1 


ly hght-year.A(' ^ Astrtmcmcai IJmt 


would be c - v0) « c‘ - v^fO) as seen from equatHiii (5). Electric 5»dds could also be used to cre^ the same effect, 
ho«vever. the field strengths roqiniod accoraplisb the same radiui of curvature or slowing of r is seventeen times 
larger than nugneoc field strengths (Maccooe. 1995). 

From Table I, It Ls qiparenl thu iaboratory magnetic field stiengtlts wauM need to be > 10' - lO’ lesla so that a 
significant ratfcns of curvature and slowing of r can be measured. Expcrimcius enqdoyiiig chemical 
eiqdosive/uiqitosive magnetic lechnolcgKS would be an ideal air..nggn<3M for this. The imut (rf magnetic &ld 
generation for chemical explosives/iiiiplosivcs is ~ several x 10^ Tesla ami the ipiantum limit fw ordinary metals is 
- S0,(X>0 Tesla. Exidosun/imploston work done by Russum (MC-1 generator, ISTC grant), Los Alamos National 
Lab (ATLAS), Nabonal Fhgb Magnetic Field Lab and Sandia Natioiul Lab (SATURN) investigators have 
employed magnetic scdenoids of good homogenehy wgh lengths o - 10 cm, havmg peak late-uf-nse of field ttf - 
10’ Tesla/sec where a few nanoseconds is qient at 1000 Testa, am which is long cnon^ for a good measurement 
of c a. Stdem, private conunuaicaiioa. 1997). Further, with |Mco>ec<md pulses, c could be measured to a part m 
l(r or Id' At K>00 Tesla, c' - s'lO} « 0 mVref’and the radius of nirvaturc is 0,368 light-years. If the peak rate- 
of-nse of field (- 10^ Tesla/sec) can be used, then a radius of curv.mire ^ several x 10^ km can be gcuerated along 
with C - v‘(0f 2 several r 10^ m‘/sec\ 

It Will be necessary to unsidcr advancing the staic-wf-aii <n um.^ocuc mduebon technologies in mder to reach 
subc field strengths that aie > 10* - lO'^ Tesla. F-xtrenely sensitive measurements of c m the one part m i0° or 
10^ level nuy be necessary lor Ubonuiry experiments mvidvmg field strengths of - 10* Tesla. Magnetic UHiuedoD 
technologies based on nuclear expiosives/mipiosives may need to 'e senously vxmsidered i» order to achieve large 
magDimde results. ^ order of magmtude calculation uuheates t lal magnetic fields genertted by nuclear pulsed 
energy methods could be magnified to (bnef) staDc values of > .0* Tesla by (aaors of the nuclear-to-chemical 
binding energy ratio (2 10^). Other experimental methods employing CW la-sers. repctitivc-pulse free electron 
lasers, nemron beam-pumped UO: ia.scrs. pulsed ia.scT-plasma uicracdons or pulsed boi (theu pmeh) plasanas 




either j(c»eiate insuffiaent oiagpeuc iiehl strengths for our purposes or cannot g^eiate tb^ at all whhin the' 
openting modes (see also T^)le II). 
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SPACECRAFT CONCEPT: 

WHIP spacecraft will have multifunctum integra.el technoK^ prapulstos. The WmralKftc Iikbiction 
Pri^Nilskm Integrated Tedmology rWHiPIT) would en'lil two iiiod> .he first mode is an advanced conventioDal 
systoD (lAemical, nwdear fisskm/ftisiaa, ion/plasma, antiuuKier. ctc.| wkkh would provide ptupuhaoi Oiou^ the 
wormixfte tbioirt, OThhal maneoveiing capabilky near stellar or pbuietaiy bodies, and i^iaceciaft attitnde control 
and ortA ewreettoos. An impMtant system driver aflecting mission peHinniance aiul cost is the ovmall propellant 
mass-fracboD reipiiied f<n diis mode. A desnable oonstiamt imutmg this to acceptable (tow) ievds dtoidd be diat 
an danced conventiaoai system would F^tencnMe its onboard ftid siq^y interaany or that k obtain and inocess 
Its fuel supply fnmi the atu space enviroamoit. Other anpentant ctmstraints and/or paiftamance requirements to 
consida for this (nopulsKa mode v outd mclude specific impulse, thrust, energy converskn sdiemes, etc. Further 
discBSsicai of these is beyond the scope of this paper and is 1^ for the reader to eapltne on their own. 

The second WHIPIT mode is the stardiive cmnponent. This would provide the necessary pcofNiisiac to irqiidly 
mov; the spacecraft ovct interplanetary or mterstellar distances through a traversable wwinhide. The system 
would generate a static. c^dneaUy symmetne ultrahigh magnetic field to create a hypercyiinder curvature 
envekpe (gravity well) near the spacecraft to jwc-stress ^ce mt-.i a pseudo-woimhole configuraliao. The radius of 
the hypCTcyliodcr avelope shoidd be no smaller than the largest linear diffleiisiQD nf the spaceoaft. As the 
spaa»nft is gravitated into the envdope, the field-generator system then d .urges the cyfindiical magnetic field 
into a radial confi^italion while givmg it a tenskm that is g: eater than its energy density. \ ttaveisable wcMmbole 
thntti IS then induced near the spacecraft where the hypcrcyimder and throat georaetiies are patched together (sec 
iiguic 3). 'Ilic conventional propulsion mode then locks m to nudge the spacocraft through t^ throat and send its 
occupants on their way to adventure. This scenario would apply if ulcahi^ electric fields were employed instead 
If optimization of wormhole throat (geometry) creabon and hyperspace tunnding distance requires a fully exodc 
energy field to thread the throat, then the {nopuision system would need to be capaUe ck generaong and de|koying 
a Casiiiiir (or other exotic) energy field. Although ultrahigh magnetic-'clectnc and exotic field generatkm scJkmes 
are speculative, fmtber discussion is beyond the scope of this paper and will be left for future Wxftk. A hypotbefical 
WHIP spacecraft aincept is depicted in figure 4. 


t ONrTUSION.S: 

•A candidate for breakthrough pri^uLsior. lAysics has been identified in the fonn of a traversable wormhole created 
b\ vmift. of ultrahigh magnetic or electnc fields with an additional exotic energy '-omponent. Macconc (1995) 
dawned that cyhmlncaily symmetne ultrahigh magnetic (electric) fields can create a trave^^^ble wormhole in the 

















Miffni' Mid j h lia* baoi At'iwii iliaf this is lawiired insl«ajti. m hspieicyiibdri -.iifsaiuj*' 

haviiif a pfMtutfi 4,‘pcJitkiH gimWJtiiiiil prtatuml «> ladaced. ‘0115 efli-ct caa ht* used Ik cieaii* a i^wraiimir 
pai.liuijs tlie hy|5**r*;ylifiA‘r tsivdi^* l« a thriai that is luiiucaJ by s'lihei fadiai’v ari-vaij|j ihi- iilirahsjjl! tk-W .-r 
ciaplayiajj a4diu<«jl ejtutic oicrgy Muccoae aimwtly shtm^l that the sfnied rf li|dK thr««|ii the hypercyhiKU-i 
r^;p«* IS slimxl Isy the majDBetiv mduced pcravitMioBiii field tfam-. This sanjieats g wzy i« pcttinna kbi»rjion 
I,xpenatitas ‘Atunthv tuir amU apjl» «r» ttlmtiijjh mapietic fey m a vaiimni therefe kKMim 4 livptitvimde*’ 
airvaiuri. effeot, and lacaawrt ttie spttid «1 a htslu bcaai ihiuugb it, V^hilc diOTiieai «*|il<»&ive.iiiipl<vgvt' magucii.. 
mlwaM* techaok^ has acbievttl static field araagihs ~ several % M'i' ieskt, the peak trf tieU is ~ 

U)" Tesla/sec. Field *aTCafths • Vs’ - I'esia mtuM ami to he pc»ei«cd to in^nti a KR-atsauraWe sltiwiap of 
fi|tht sjwtti ta this samno. li» proposed ihitt the peak mie-of-w*- «»f field he expteiol as a Eoeso** to adamc ihjs 
fNial m the uear-tma Ma|t»etic mimMm ledhsolwpie* h«sed m nt cleat expIcsKwinipkniveii aia%' need to k- 
C'mstdered to «-rdw to achieve rcadls of larger tuagjBitusfc, A Wura bole tadketw® Prupulsi® syMem has b-tti 
aamdaossl to <. xpioit the pf.ssiWjties ol tia vemMe wnitliwles. 
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V tvs. r h>r hf. maav saluahle and ciaarnahs <*11 this wwtk I also thank Dean JiKkl, h,jhind3iic Solefr;. 

(e.-i'iet Hathaway and Aiejianw-i lor ihcir technical lonaihahns and remarks 'nos t.-varcb is narEalis 
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ABSTRACT 

This article examines the various hints which suggest an Akuhicire Type Warp Drive can be constructed under the / 
assumption that the physics of this world is described by M-Tlieory. In particular, this article will review the relevant 
physics. Superstring Theory and M-Theay, and examine the physical states of M-Theory which suggest that an 
Alcubierre Type Warp Drive may be possible within the framework of M-Tbeor>. 


1. INTRODUCTION 

The universe is large, and the speed of light is painfully slow. Briefly, this .summarizes the lundammiul obstacle to 
interstelim^ travel. As an example, let us consider a mund-lrip to Vega, a relatively close .star. If we were to set off on 
a round-trip to Vega using a light sail and traveling at onc-haif the speed of light vic would tuiive back tm Earth 100 
years later according to an Earth-bound observer, if we were to attempt such a round-trip using the Space Shuttle, 
we would arrive back on Earth in 1.3 billion years. What is obvious frexn such numbers is that if we are to ever 
embark uprni practical, interstellar travel, wc must circumvent the light-speed hairier imposed by the theray of 
Special Rdaivity. The question then becomes, how . 

One of the most famous methods of circumventing the iight-.spocd banKr, and the method on which we will hxus. is 
the so-called Atcidrierrc Type Warp Drive i Alcubierre 94). Such a warp drive functions by making use of a "loop¬ 
hole'' m the theory of Ckneral Relativity which allows fw "faster than light” travel. Special Relativity forbids 
superluminal velocities, howevci. General Relativity states that Special Relativity is only valid locally, within 
"small” regions of spacetime. Thus, General Relativity leaves open dte pos.sibility thm "supcrluminal" velocities may 
be achieved when oik considers "large" regions of spacetime. It is this "loop-hole" which is exploited by an 
Alcubierre Type Warp Drive. In contrast to the light sail and Space Shuttle, if we were to take a round-trip to Vega 
using an Alcubierre Warp Drive, wc could arrive back on Earth in an arbitrarily small amount of time. The catch is 
that mi Alcubierre Type Wap Drive requires so-called "exotic matter." 

Ex/Jtic matter is matter with a mass density p which is less than zero, p<0. General Relativity, in and of itself, does 
not describe matter, and thus. General Relativity makes no predictions as to whether such exotic mailer exists. 
Genera] Relativity simply tells us that if such exotic matter exists, then it is possible to create an Alcubierre Type 
Warp Drive. To asccrlan whether such exotic matter exists and whether such exotic matter may be employed in the 
creaiion of an Alfubierrc Tvpe Warp Dnvc, one must examine a theory which describes both gravitation and matter 
in a self-umsislciil manner The only known theory which does so is M-lhcory. 

M-Tbeory is a pn^r superset of Supersiring Theory. .Superstring Theory, previous to two years ago, was the best 
candi<latc for a unified the<M>' of all interacuons. However. Supersiring Theory is actually not a theory but a set of 
five theories, each of which describes the most fundamental particles of the univer;,,; at little lcngth.s or loops of 
"string ■■ Tlie varifMis vibrational modes of such a ".string" correspond to the various possible particles which such a 
"siring" may represent M-Theory encompasses all five .-onsistent Suporstring Theories. Each one of the five 
Supersiring rbeories is a different limit of M-Theory For example fWitten 95). the so-called Type IIA Superstring 
llieory on a spaceur.te M is equivalent to M-Tbeory on a 'natciime' MxS'. .Similar relations also exists lictwecn M 
Theory and the fou*’ o*>’er Supersiring Theories. 

M-Theory, in 'iddioon to expanding upon Supersiring Theory, predicts the existence of exotic matter [Witten 
95A|ll.indc 95]. If we dtnr»te a dimensional torus as T” and a hall-circle as S'/Z 2 , then iWitien 95Al|Linde 95] 






'if M IS a gen'-rit .spacetime and N a generic manifold a spatelimc a-iIFouI a time dirctlioii. a poim ,> in MxN is given by 
specifying a point q in along with a point r in N, In our ca.se we take N to nc ' rcle S‘ 



upon examining M-Theory on a spacetime of the fonn MxT^fS'/Zii. we find an interesting set of states. On such a 
spacetime, M-Tbeory predicts the existence of a class of states which are "BPS saturated" and thus stable. In 
iuldition, these states have a "core" which consists of exotic master. Hence, M-Theory provides the missing 
ingredient required for an Alcubierre Type Wap Drive, exotic matu r. However, much work remains to be done to 
determine if such exoitc matter leads to an Alcubiene Type Wt p Dr ve within the framework of M-Thoory. 


2. ALCUBIERRE TYPK WARP DRIVE 

As one will recall, an Alcubierre Warp Drive functions by making me of a “loop-bole" within the theory of General 
Relativity. Let us now review the physics of such a "loop hole." The theory of General Relativity is basically a 
modification of toe theory of Special Relativity; the theory of Gener.d Relativity, among other things, states that thc 
thoory of Special Relativity is valid only locally, in "small" regions of spacetime. The dteory of Special RelativRy, 
on the other hand, states a massive body must go slower than he speed of light. Thus, the themy of General 
Relativity states that locally a massive body must go slower than tlie speed of light However, Gcnei^ Relativity 
docs not forbid a massive body from moving "faster than light" wht n global considerations arc taken into account. 
Let us illuminate this point with an example. 

Consider two observers A and B sqiarated by a distance D in a pre-i tP .nonary universe. As the process of inflation 
begins (Gutfa 81], the onual fabric of spacetime between A and B begins to stretch in such a maiHier thsn D 
increases. Thus, according to observer A, observer B is moving away at a speed dD/dr. If the spacetime is being 
stretched quickly enough, one may have (dD/dt) > c, wbere c is the speed of light, and, in point-of-fact, Genoal 
Relativity places no upper-bound on dDfdx [Wald 84|. So, to obsen er A observer B cmi appear to be moving with 
an arbitrarily high spe^. In addition to this seemingly spectacular reailt, one may note diat as the spacetime itself is 
expanding and neither observer A nor observer B has fired a rocket of any sort, observer A and observer B are 
locally stationary, thus not violating the tenets of Special Relativity. 

Next, let us examine, from a moderately technical point-of-view. bo v an Alculaerre Warp Drive employs the above 
"inflationary" effect. As one will recall [Wald 84), a metric gp^x) d<'.fines how distance is measured in a spacetime. 
Two points xP and xP+dxP according to the metric gp^x) separated by a di.staiice ds given by 

= gp?(x) dxPdx^ goo(x)dx“dx'*+goi(x)dxOdx*+.. .+gad(x)dx'‘dx‘‘. 

So. one may see that to describe a stretching of spacetime, as we OKountered in the above inflationmy example, one 
requires a metric. Alcubienrc's contribution (Alcubierre 94] was to find a metric which "pushed" a spaceship along a 
trajectory described by an aibiuary function of time x,(t). It is given iy 

ds^ = -c^di’ + (dx - v,(t)f(r, )dt)^ + dy^ + dz^ 


where 


and 


tanh(o(r.^^R)) -1 ih(3(r.-R)) 

2tanb(oR) 

with a and R constants and & (x-x,<())^-fy^-«-z^. If a spaceship is situated at ( x,(t), 0, 0 ) at time t, then it will be 
"pushed” along the trajectory ( x,(t), 0, 0 ) by a stretching and contractmg of spacetime in a manner similar to (hat 
encountered in the above inOationary example l/Jcubierre 94|. Hov ever, x,(t) is an arbitrary function of time; thus, 
one can have a spaceship travel at an arbtlraniy high velocity. The catch ls that sue'., a set-up requires exotic matter. 
Let us next prove this fact. 


General Relativity describes bow spacetime is curved in response to the presence of matter. In other words, it relates 
a metric gp^(x) on a spacetime to the matter present in that spaced nc. In the case of the above Alcubierre metric, 
General Relativity requires that a stationary observer .see a mas-s den ;ity p given by [ Aicubieire 94) 



where G is Newtoo's ccmstant. As one may see, p<0, so, an Alcubierre Warp Drive requires exotic matter. If we 
COOS'' jer the case in which ]q(t) is given by x/t) = ct,a = 8m'> ^ R = 3m, then at a time i = Os we can gra{>h the 
density p by suf^essing z; it is shown in Figure 1. 



Now, from Figure 1 we can see some of the probtems associated with an Alcubiene Warp Drive. First, as p<0, an 
Alcubierre Waip Drive requires exotic matter, frcan our everyday experience we know exotic matter, if it exists, is 
rare. Second, upon examining the values of p in Figure 1. one finds an Alcubierre Warp Drive requires a "large” 
quantity of exotic matter. If (kneral Relativity is "tadeed" onto the Standard Model then the classical answer as to 
wbetl^ exotic matter exists tends to be (Kalni 93] a "no," but the quantum answer tends towards a "yes" ftn very 
"small" quantities of matter {Ford 96]. Howevo-, we should, in all likely-hood, not trust the answers produced by the 
joining of the Standard Mo^l and General Relativity when dealing with gravitation as such an amalgamation is ill- 
defined as a quantum field theory [Kaku 93]. We should turn to a theory which unites General Relativity and 
quantum field theeny in a consistent manner. The only known theory to do so is M-Tbeory. Let us next review M- 
Tbeory and the theory it encompasses. Superstring Theory. 


3. SVPERSTRING THEORY 

Cemsider the Standard Model If we simply "tack" on General Relativity, then [Kaku 93] it's well known that one 
obtains a theory which is inconsistent when quantum effects are taken into account. So, one migi^t wish to extend the 
Standard Model and General Relativity by adding extra symmetries so as to allow a harmonious marriage between 
General Relativity and the Standard Model. One finds [V.'ess 92] that the only possible symmetries which one may 
add to such a model and maintain consistency with General Relativity are the so-called "supersynunetries^." 
Supersymmetries are symmetries of a theory which exchange the "matter” fields of a theory, the fermions, with the 
force csiT ), g" fields of a theory, the bosons. Furthennere fWess 92](Duff 95), one finds that upon introducing two 
or more of these supersymmetries into the Standard Model and General Relativity one introduces strings, one¬ 
dimensional extended objects, into the theory. This leads one to study these strings iri and of themselves. 

Upon considering such strings, one finds [Witten 87] that Ifaere are five consistent theories containing such strings, 
these are the so-called Superstring Theories. Each one of these five Superstring Theories merges gravitational and 
non-gravitational forces in a self-consistent manner fW'itten 87]. These five theories go by the names Ty^ KA, Type 
HB, Type I, SO{32)/Z3 Heterotic and EjxE, Heterotic Superstring Theory. Each one of these Superstring Theories, 


^Thc Standard Model is the prevailing theory of non-graviiaticnal "low-energy" physics. 

^The exact statement [Wess 92](Haag 75J is: Oi ali the graded Lie algebras, only the supersymmetry algebras generate 
symmetries of the .S-inatrix consistent with reloivistic quantum field theory. 



to maintain internal consistency (Witten 87], must reside in a spao^time of ten-dimensions. This may seem a bit 
strange; however, it is really not so unusual to propose a theory with more than four-dimensions and is quite an old 
idea (Kaluza 21]{Kletn 26] If we consider a ten-dimensional spacetine of the form MxK^, where M is our normal, 
four-dtmensional spacetime atd is a "small" "compact" six-dintensional manifold, then one can show relatively 
easily jW'itten 871 that all low-energy* experiments on M can not detect K«. So, our world could in fact be ten¬ 
dimensional. but in doing only low-energy experiments, we would no. be able to detect any higher dimensions. 

Even though Superstring Theory successful merges gravitational and non-gravitational interactions in a self- 
consistent manner (Witten 87], it is not without its problems. Siperuring Theory essentially has two major 
problems. First, it is not known which of the Five consistent Supersiriig Theories describes the physics of our world. 
Second, as we live in a world which is four-dimensional at low-energies, whichever Superstring Theory describes 
our world must be formulated on a spacetime of the form MxK^, where M is our normal, four-dimensional 
spacetime and is a "small” "compact” six-dimensional manifold The problem is: No one knows which to 
choose Furthermore, these problems arc intertwined. If we consider putting a Superstring Theory on MxlQ, then the 
low-energy physics on M is dependent upon the choice of a K« and tie choice of a Superstring Theory. As we base 
our choice of a Superstring Theory and our choice of a upon the low-energy physics we observe on M, the choice 
of which Superstring Theory describes the physics of our world and which this Superstring Theory is formulated 
on must lie made in parallel as the only data with which we are working is the low-energy [rfiysics on M. As a next 
step in examining the eiotic matter present in M-nicwy let us rsview M-Theory and its relation to the five 
con.sisteni Superstring Theories as well as how it solves some of the above problems. 


4. M-THEORY 

M-Theory, as previously mentioned, encompasses and extends Superstring Theory. It is aWe to explain all properties 
of the five consistent Superstring Theories by way of a single, unifying theory. However, unlike Superstring Theory, 
all fundamental particles in M- Theory are membranes, two-dimensional extended objects; in addition, M-Theory is 
formulated in eleven-dmicnsions (Witten 951, not ten as is the case f(«- all Superstring Theories (Witten 87]. Let us 
next examine bow M-Theory is related to Superstring Theory. 

As M-Theory is fonnulated in eieven-d«mensions (Witten 95] and a 1 five Superstring Theories a.e formulated in 
ten-dimensions IWitten 87], the relation between M-Theory and Superstring Theory is analogous to the relation 
between Superstring Theory and the Standard Model. In particular l\Maen 95], the Type 11A Superstring Theory on 
a spacetime M is equivalent to M-Theory on a spacetime MxS^. Likewise (Witten 95A], the £«x£g Heterotic 
Supe. string Theory on a spacetime M is equivalent to M-Theory on a spacetime MxfSVZy). Similarly (Witten 
95](Seiberg 89], the Type IIB Superstring Theory on a spacetime M<S' is equivalent to M-Theory on a spacetime 
MxS'xS*, and [Witten 95A](Ginsparg 87] the SO(32)/Z2 Heterotic Superstring Theory on a spacetime MxS' is 
equivalent to M-Theory oa a spacetime MxS‘x(S’/Z 2 ). Finally (Witten 9S](Ginsparg 871(Witten 95A1. the Type I 
Superstring Theory on a spacetime MxS’ is equivalent to M-Theory on a spacetime MxS‘x(S‘/Z 2 ) So, one can see 
that all five Superstring Theories are related to M-Theory and all ar: derivable from some limit of M-Theory. In 
addition, with a little thought one can see how the strings of Super: tring Theory are related to membranes of M- 
Theory. Cv/nsider the Type HA Superstring Theory as an example. If we wrap the M-Theoretic membrme about tbc 
S' of MxS', then it will appear on M [Duff 87Jasa j/rwg. It is this wrapped mendrrane (Duff 87] which takes on the 
role of the Type IIA string. Similar relations are also true of the ' vious other Superstring Theories and their 
respective strings. 

As one will recall, one of the main problems with Superstring Theory s that Superstring Theory is not a theory but a 
collection of five tftixiries, and it is not known which of these five theories describes the physics of our world. 
However, in M-Theory this problem is solved as M-Theory is a theory and we have no choice in the matter of which 
theory de.scri'oes tbc physics of our world. It is M-Theory. Howeve , the second main problem with Superstring 
Theory still pi-.rsists in M-Theory. As we live in a world whteh is four- iimensional at low-energies, if M-Theory is to 
describe our world, it must be fonnulated on a spacetime of the form MXK 7 , where M is our normal, four- 
ditnensional spacetime and K 7 is a ’'small" "compact" seven-dimensional manifold. The problem is: No one knows 
which K 7 to choose. However, there are some severe ainstraints imposed upon K 7 by way of the Standard Model 


nican an energy H such that L<( Lit), where R is a length (liaracterislic of K* 


I6S 


‘By low enrr/;y we 



and General Rclativiiy Bui, none-lhc-Scss, it is still unknown which K .7 enters this M-Theoretic constnjci. Let us 
next review the general properties of the so-called "BPS saturated states," properties which we will employ ir. 
examining the exotic matter present in M-Theory. 

5. BPS SATURATED STATES 

Many of the interactions within th: Starulard Model are described by a so-called "Yang-Mills Theory." Yang-Milis 
Theory is simply s modification of electroma.rnetism in which the gauge field Ap is matrix valued. Gne can also 
construct Yang-Mills Theories which possess supersyrrtmetries (or a supersymmetry ) [Wess 921. These are the so- 
called Supersyrrtmetric Yang Mills Theories. If a Supersymmetric Yang-Mills Theory has one supersymmetry, then it 
is called a A/a/ Supersymmetric Yang-Mills Theory. U a Supersymmetric Yang-Mills Theory has two 
supersymmetries, then it is called a N=2 Supersymmetric Yang-Mills Theory. In general, a Supersymmetric Yang- 
Mills Theory with n supersymmetries is atUed a A/ = n Supersymmetric Yang-Milts Theory. Far now, let us cemsider 
a N=4 Supersymmetric Yang-Mills Theory on a four-dimensional spacetime. As M-Theory on Mx'T'x/S'/Zj) yields a 
N=4 Supersymmetric Yang-Mills Theory on the four-dimensional .spacetime M coupled to a N=4 Supergravity 
Theory, a version of Gener^ Relativity with four supersymmetries, an e.xamination of such a theory will be useful. 

N=4 Supersymmetric Yang-Milts Theory on a four-dimensional spacetime has four supersymmetries', each of these 
four supersymmetries has an associated supersymmetry generator. Let us denote these generates as Q' a. where L 
varies from 1 to 4 and labels the particular supersymmetry and n is a so-called "Weyl spinor index." a varies from 1 
to 2 and determines how Q' ^, transforms under rotatioh, it is similar to the vector index of the gauge field One 
can think of as being similar to a matrix. A matrix generates rotations of vectm; it car rotate one vector into a 
secraul vector. Q‘'„, in contrast, rotates bosons into fermions and fermions into bosons. Furthermore, like matrices, 
the need not conmutc. In fact, 'he various commutation and anti-commutation^ relations of the Q^a with a few 
other generators are important enough to gamer a name, the N=4 Supersymmetry Algebra. Let us next examine a 
portion of this N=4 Supersymmetry Algebra. 

To examine the .so called “BPS Saturated States" we wiU not have need of the full N-4 Supersymmetry Algebra. We 
will only need to consider the various commutation and anti-commutation relations of the Q'-n with a few other 
generators when the index L is limited to the values 1 and 2. This is the so-called N=2 SupersYmmetry Algebra. If 
we denote momentum as Pp and introduce a constant Z, the so-called central charge, then the portion of the A/=2 
Supersymmetry Algebra with which we will be concerned is IWcss 92] 

{0‘-«,<W} =2oP^Pp8‘„ 

{Q‘'«.Q'»}=eape‘^Z, 

where is a set of four 2 x 2 matrices witii = -Lxa.o'ap =. ; = 1 if I'=M and is zero otherwise; e ,2 = 

= -1 and is zero otherwise; likewise, e’’ = - = 1 and is zero otherwise. Lei us consider the form this 

portion of the N-2 Supersymmetry Algebra takes for a particle of mass M which is at rest in our frame of reference. 
In that case Pp=(-M,0,0,()). So, our above portion of the N-2 Supersymmetry Algebra takes the form 

{O'd.lWl =2M8 '-m8P„ 

Now, we are free to define two new supersyrnmetry generators which arc linear combinations of the Q'-a. Wc 
define the q'-a by, 

tap(Q'p)') 


ommutaiorof AandB ».■! (A,Bl:=AB+BA 


^Thc cummuuinr of A auid B is 1A,B1;-AB-BA. ih;: mil 




By way of our original {'.‘latijns in tenns of the Q* « and the mass M. we find. 

( q‘a. 5 =(2M >Z8P„ 
iq^a.(qVM -(2M-Z)8^„. 

These two equations together imply (Wess 92] that M>IZI/2. This is a so-calicd BPS Inequality. States which saturate 
this inequality, states with a mass VlxtZl/2. art known as BPS Satutated States. As we will now show, such sttdes 
have some remarkable properties. But. before doing so, we must examine the central charge Z in a bit more detail. 

The actual fwm of the centtal charge Z is theory dependent. So, to give some feel for what Z correspr ids to 
physically, wc will coasider a specific example. In the Standard Midtt there exists a so-called SU(2) Yang-Mills 
Theory whici ong with a so-called U(l) Yang-Mills Theory desenbes ihe weak force and electromagnetism. Wc 
will considei . N=2 Supersymmetric SU{2) Yang-Mills Theory, a version of the SU(2) Yang-Mills Theory from the 
Standard Model t>w with two supe;symmeti>es. This theory undergoes a so-called "spontaneous symmetry breaking" 
(Witten 94J in which it is reduced to a N~2 Supersymmetric U(l) Yang-Mills Theory, a version of electromagnetism 
with two supersymmetries. In tbisAf=2 Supersymmetric VC) Yang-Mills Theory there arise two different complex 
numbers (Witten 94] which we denote as a and au. If a particle in L'lis theory has an electric charge He, an integer, 
arvl a magnetic charge n^, also an integer, then it has an associated c/arge vector Z := n^ar-nn^o. This charge vector 
(Witten 94] is related to the central charge Z by way of Z =2IZI. Let us now see what this implies about the stability 
of BPS Saturated States. 

Consklef a BPS Saturated State with electric charge n*. magnetic charge n„ and mass M - Kl = I n^a +nmao I. Let us 
examine the stability of such a state. Assume it decays into a set of pr-Jlicles witlt masses Mi, electric charges 0 ,., and 
magnetic charges nmj. As with our original state, associated to eat* jaiticie of mass M, is a charge vector Z, = n*,, a 
+ So- Furthermore, the mass M, also obeys a BPS Inequality Mj i I Zjl. Let us assume a/ao is not real*. As a/ar; 
i.s. by assumption, not real, diargc conser.’atkm implies Z=1, Z,. Th s equation in concert with the BPS Inequalities 
M, > 17.^ and the BPS Equality M - IZI Lnplies that M 51, M,. However, conseivaiiiK. of momentum implies that ‘ ’ 
< is impossible. Thus, M = Ij Mj This, ir. turn, <Mily occurs if all the Zj and Z are coUinear. This occurs only ii 
n. and On, are not relatively prune, i.e. there exist miners nja and q such that ne=qn and n„«qm However, wc are 
free to consider an initial BPS Saturated State in which n^ and are relauvely prime. In this case, as wc have 
proven above, the state with mass M = IZI can not decay. Thus, a BPS Saturated State with relatively prime n, ami 
Hn, is stable and does not decay. The importance of this result utn not be overstated. It lies at the core of many 
modem results in Superstring Theory and M Theory. Furthermcrc, is we will :>ee, the exotic matter present in M- 
Theory is BPS Saturated, i.e. it ls s D>*S Saturated State, and dms ii is stable against decay and hence a real, long- 
iivcd state in M-Theoty, not a short-lived bound suUt This is criticai if we are to ever employ such exotic matter in 
an Alcubiem; Typ; Warp Drive. 

So, let us next examine Uie exotic matter present in M-Thet.ry As ane will remonber, M-Theory on a spacetime 
Mx(S’/Z..) is cquiv,'.Jc;.t t(» ihe Hcteioiir Surterstring Jheory cn a spacetime M. Hence, any physical principle 
w.bico wc derive for the E^xEg Heterotic Superstring Tneory on the spacetime M is valid for M-'Cteoiy on the 
•spacetinie Mx(S'/Z;) So, let as, lor me mumeuf exaiiiine die E«xE|, Heterotic Sjpersiri.ng Thejr- n -he spacetime 
f.l, ihe hw-ene'gy iimit' of ‘ho FiixE* Heterotic Supersirmg Thtory cn the spacetime M i, u so-calletl 
Sttpergravity Theory ' Tht? N-I SupergraviCy Theorv is simply a ten dimensional version of Generai Relativity with 
one supersymmetry. Howevc', as .'wie might fc.tpcci, the low-entrgy Prnit of the Heterotic Superstring Theory 
is iioi the whole story. In takiCfc the lo\s energy limit we are taking tb; limit in which ihe string tension is infinite. In 
ih.* limi? it takes an infiuite amount of energy to c-xcitc any of the s>ring's higher modes ot v'brehoo, So, no uoiy 
"sto’egy" behavior is ready being seen. If wc do rvit lake the low eneigy limit, thei/ the .string tension ir. finite arid we 
begin to we "stringy" effects. The'c effects are manifested a:. consctJon.s tc the ' Supetgravity Theory;. Fhe 
action of ^ I Suprrgiiivity Theory is corrected b, {xiwcrs oi Lh* string tension* In fact there an an inf mile set 


“OiK con also corside, [W’.tien 94) more cooipliciMed caics in which a/ap is!cal. Bat. wc will iwt do ?o hcic a' ii only .serves to 
add deiail.s whxh ere nc,t r.s.ser '’sl to our expt<silion 

■B ,/w limit vc mean ibe iiniit in which the fiiifig tcosioii i.s loPnite 

vfuch a.s .. fun tion f(x/ can tit expressed as a fxiver {efie“ iti i/» a'oou! the joint x=~, (he attion o- the fc^xE* Heterotic 
.iuperrlnny iTieors tan be rxpies.s<d is a pi'wer <. rit-r, in I ^ atou! (he point T ■ "r cd (r.fui.'lv JCrire tension 



of conccutNis I Kallosh 9'^A) to (be Ns' Supergravit} Theory Hence, one can see that k is rel^vely difficult to 
obL ;n ex£ct soiirtions to tbe equations of jiotion for the E«xE. Heterotic Superstrmg Theory as its equations of 
motioa contain an infuiiie set of tenns How ever. IKallosh 93A| one may solve this seemingly intractable problem 
I j examining in detail these various conecti ji s. One fmds that the bosmic portion of this acti(r''s power series in 
one over the string tension has a pattern (Kaiicsh 93A). In particuiv f Kallosb 93A]. all of the terms in sudi a power 
scries arc constructed if a few elmnentary term , so-called (KaHosh 93A| T-l'ensors." So, if one can understand 
these ‘T-Tensors." (Kallosh 93A) then it is possible to set the fermionic pottKm of tbe action to xero and then solve 
the equations of motion for the t^sonic portion o<^ the actioo. This is exadly what Bergshoeff et. al. (Kallosh 93A| 
accoa^Lshed. However, in doing so tey founo (Kallosh 93AHKallosJt 93B] that one must also require one-half of 
the supersymmetry of the E^xE^ Heterotic Superstring Theory to be broken^. If we look back at our portion of the 
N=2 Supersymmetry Algebra involvir^ q*-,. then we sec that vrhen Ms(Zi/2. i.e when a state is BPS Saturaud, one 
of tbe generators q^^ is /.ero. In other words, one-half of the supersymmetry of the theory is broken This suggests 
that the sohmons of Bergshoeff cl. al. (KidKisb 93A] may be related ic BPS Saturated States and thus he provably 
stable We will see that this is indeed the case. 

In exanming the exaa soluiions of the EtxEs Heterotic Superstring Theory foimd by BergshoetT et al. (Kallosfa 
93A|iKallosh 93B|, Kallosb and Unde (Lmdc 95] decided to examine such solidicas from the poinl-of-virw of the 
E|X^ Heterotic Superstring Theory on a ^>acetmK MxT^ or equivaicBtly from tb ~ ptunt-of-view of M-Tkeory on a 
spacetime MxT^S'/Z 2 ).What they found was amazing! First they found that optm exammmg die exact srdutkms 
of the E(XE, Heterotic Superstring Theory of Bagsboeff ei. al. [Kallosb 93AKKallnJi 93B1 on MxT*, or 
equivalently, the corresponding exact srdutkms of M Theory (Kallosh 93A|(Kaliosb 93B](Wittca 95Ai on 
MxT*x(S*/^. these solutions are BPS Saturated States. Thus, they are exart soluiions of M-Theoty on 
MxT^S'/Z 2 l which are stable wd do not decay, in fact, these BPS Saturated States arc resident in a N=4 
Supersymmetric Yang-Mills Theory of just the type we have studied Second, mid more relevant to the study of mi 
Aicitoiene Type Warp Drive, the. fotnd that such solution.^ pos.se.ssed a form of (Linde 95] exotic matter. More 
^jedflcaily. among the fields'^ present m this solutkm of M-Theory on Nxl^fS'^) ti>ry found that die metric of 
this solution m ^ibeficai coordinates is given by 

whoe M. which ."ositivc semi-definite, is the mass of the solution (Limte 95]. r is he "distance" from the 
solution's center and q and g are charges of the solution Let us next exmniito why such a solution is said to possess 
erotic matter. 


6 . M-THfXiRY ON MxT‘x(S'/'/it AND THE ALCL'BIERRE TYPE WARP DRIVT. 

Let us coasider why our above exact solution of M-Theory on MxT*x(S'/Z 7 ) is .said to pos.scss exotic matter. 
General Relativity (Wald 84| allows us to extract a Newtonian graviiationa] potential fnwn tbe above metric. This, in 
tunt, leads in following gravitational field in .spherical coordinmes 


f _2gigi- Mr _ \ 

where f is the outward pointing radial unit vector. Grtqihically. the coefficient of r is represented, for the values 
q=l, gal andM=.2. as 


sig>errymmetry is said to be broken when its associated supersymmetry generator is zero. 
“The fields present in this solution are scalars, a metric and an a.ilj-symmetric teasor; that is all 
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S<>. one may see Chat for r > 10ooe has a aonaal attractive graviuii>«al force"; for r= 10 the fiavitalioaai force is 
zero, and for the portioii of r < 10 depictHi on the graph, the gnviutiooal force becomes fcpnlsive! Hoice. for the 
region r<10depi(^ on the graph, one can see thm this sohitioo behaves as if its mass is negative! However, if we 
look at the hmit of the ^ve gavicitioaal field as then we see diat it takes the standard (-M/ir^) t form. Hence, 

as mass h measneed A iidioity fWald 84], solidioii has a aoss M > 0 and not disallowed by the BPS Iiuquility, 
which lequBcs M ^ 0. One can see the exotic matter explicitly by compmiiig die Newttniao mass whhra a s|dime of 
radius r for such a coofiguntion. One finds this quantity is r depentoN and goes lo M as r~»<>o. For the values q=l, 
g=l and M=.2 it has the form 



As one can see, the 'core' of this solutron is exotic matter. This, at least partially, .solves the ’exotic matter 
problem." as we now have proof that such exotic matter exists in a bound state with nonnal matter. But. we do not 
know bow to employ the above states, or similar states, in a Aki bterre Type Warp Drive. This is whad must be 
studied 

Such a study must address many questions.... What other exotic ma ter states exist in M-Theory? Does there exist an 
Alcubierre Type Warp Drive based upon the above stmes, or >imilar states, in M-Theory? By what physical 
processes can such states be generated? etc. These are some of the topics which must be touched upon in a further 
study of Alcubierre Type Warp Drives in M-Theory. 

7. COST OF STUDY 

The study will mainly consist of theoretical work. i.e. pencil and p iper wotk, along with some computational work 
which will be needed to confinn some of the M-Tbeorciic results, he results may contain an infinite sum of higher 
order membrane tension terms which are bard to check by band. Ihe main cost will be for labor at $40K per year, 
office space will cost approximately $1 OK per year, computers aid various office supplies will be approximaieiy 
$3K a year. For a sum total of $106K for a two year study, which s the suggested period over which s^ research 
should be conducted. 


"Remember, r is an outward pointmg radial unit vector. 
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ABSTRACT: 

The prospects for interstellar travel under Einstein’s Special Relativity Theory arc dim. Dinowitz’s Field 
Distortion Theory (FDT) is intended to replace Einstein’s Special Relativity Theory (SRT). To date, ail 
experimentai data that appear to support SRT also support FDT, md under most comiititHis the equations of 
FDT reduce to those of SRT. However, under certain coaditH>ns, Field Distonion Theory predicts that matter 
can be accderated to light qiecd. and beyond, without experiencing the increase in mass or dilatkHi of time 
associtued with near-light speeds under Special Relativity Tbewy. Such a possibility would have enormous 
inqilications for the jnospect of interstellar travel. The amount of propellant currently believed necessary to 
reach near-light ^tc^s would be greatly reduced. Mote inqKmantly, because there is no limiting velocity under 
FDT, the ininioHim amount of time curraitly believed necessary to reach other star systems would be greatly 
reduced. Field DistorticHi Theory can be experimetually tested by coodiK;ting the Midielson-Morley experiment 
on NASA’s space buttle. This possible experiment is described along with specific estimates of the magnitude 
of the predicted effect. It is found that the predicted effect is well within the detectable range of current 
instrumentation. 


nSTRODlXrriON; PROSPECTS FOR INTERSTELLAR TRAVEL UNDER SPECIAL RELATIVITY 
THEORY (SRT): 

At the speed of light one could reach the Moon in a mete instait, like flicking a li^t switch. One could reach 
Mars in at average of 13 mimnes (depending on the position of the Earth and Mats in their orbits), and 
Jiqriter’s mexm Eutopa in an average of 43 minutes, like a drive from the suburbs into Uk city. Even distant 
Pluto would be less than 6 hours away, like a "'ght from New York to Los Angeles. Thus, in terms of travel 
within our solar system the light speed limit stiimlated by Einstein’s Special Relativity Theory (SRT) will not 
prove too bothersome. The stars, however are a different matter. 

At the speed of light one could reach the nearest star system, the Alpha Centauri star system, in 4.3 years. 
Unlike the aforementioned cases however, there is no analogy for this situation. Interstellar travel would be like 
nothing we have ever done before, and perhaps like nothing we would ever be willing to do. Even Columbus 
was not called upon such an arduous task. Tlie Nina, Pinta, and Santa Maria set sail from Spain on August 3, 
1492, stopped at the Canary Islands for repair and reprovisioning on September 6, and arrived in the Americas 
on October 12, a voyage of less than two and a half months (]|. Under Einstein’s light speed limit it is simply 
not possible to travel to even the nearest stars and back in times measured by those on Earth in less than 
decades. 

Under SRT a civilization engaging in the task of interstellar travel cannot possibly reap any benefits of this 
oideavor for a time of at least 2d/c, where d is the distance to the star system in question, find where c is the 
speed of light. Thus if wc sent a probe at the velocity of light to the nearest star system. 4.3 light-years away, 
we could not receive any data back until 8.6 years had passed. If we sent a probe at the velocity of light to a 
star system 430 light-years away (which, for all we know may be the distance to the nearest extraterrestrial 
civilizations we could not receive any data back until 860 years had passed. 


i?.*; 



One must realistically consider the willingness of our civilization, any tnher, to engage in such a vast and 
costly enteiprise as interstellar travel when the fruits of this entteasor cannot possibly benefit the civilization 
until decades if not centuries have passed. 

Under Einstein's Special Relativity Theory (SRT) as one l^>proad»s the speed of light time passes more slowly. 
(We will not debate the logic of this statnnent here or whether it i: actually true). For example, under SRT if 
one can attain . speed of .999c then only about 2V4 mcmths would pass for the crew of a starship whereas 4.3 
years would pass for those on F^rth. Thus as far as the crew of the warship is concerned they could travel to 
the Al|^ Centauri star system in the same anuumt of time it took Colundiw to reach the new world. There is 
no limit to wfaidi one can carry this 'time dilation’ effect. If one wanted to travel to the nearest extraterrestrial 
civilization, assuming it lies in a star system 430 light-years away, then a speed of .9999999c would be required 
in order that 2Vi months pass for the crew of a suuship. Of course 430 years would pass for those on Earth. 

While providing no incentive for those on Earth, the time dilatkHi :ffect certainly, M least in terms of the 
amount of time that passes on board ship, makes the proqrect of tnvd to the stars more paliUable for any 
perspective starship crew. However, the time dilation effect is only significant near the ^eed of light. Let us 
consider the ainouiM of propellant required to reach near-light spee^ls under SRT. 

The rocket principle - throw something badew^ nd, by the law of emunvtoion of nxnnentum, you move 
forward - is currentiy the only known wi^ to travel in tte vast depths of interstellar space. The amount of 
propellant required for a rocket reach near-light ^>eeds under SRT is. 



where M, is the initial mass (propellent plus payload), M, is the Oral mass (payload), v is the velocity relative to 
the d>servcr, c is the velocity of light, and is tte rocket exhaust velocity. 

Assuming the highest rocket exhaust velocity possible under SRT, v, = c, we find by equation 1 that a ship 
velocity of .999c is possible if the initial mass of the ship is aixwt 45 times its final mass, and a shi j velocity of 
.9999999c is possible if the initial mass of the ship is about 45001 mes its final mass. These mass ratios reflect 
only what is required to achieve diese velocities, the equivalem of a one way fly-by mission. A one way 
decelerated inisskHi, or a rouml trip mission would impose additioral exptmaitiai nHtltipiiers to these values. By 
comparison the initial mass of the Saturn 5 moon rocket, mankind’s most extreme case to date, was only around 
68 times its payload (consisting of the Command Module and the Ijinar Excursion Module (LEM)) f2]. 

In light of this difficulty it has been suggested that rather than carr/ fuel along it be obtained from the 
environment. Designs for interstellar solar sails, grand affairs dwarfing the clipper ships of the past, which 
would use the feeble pressure of sunlight for propulsion have been suggested. Interstellar ramjets which, by 
pounding the space ahead of them with powerful lasers, would ion ze the thin hydrogen gas in the near vacuum 
of intersteilar space, and then use huge electric or magnetic fields to draw the ionized gas into the ship as fuel 
have also been suggested. However, both these schemes have tremmdous problems of their own and lack the 
capability to realistically reach speeds greater than .Ic [3, 4]. 

Assuming that the velocity of light is the highest possible velocity n the universe, and that Einstein’s Special 
Relativity Theory is a perfect reflection of reality, the prospects fo interstellar travel are not good. However, 
pcriiaps Special Relativity Theory is not the last word on reality. 
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HELD DISTORTION THEORY: 


In 19% Field Distortion Theory (FDT) was published |51. Field Distortion Theory (FDT) is intemled as a 
replacement for Einstein’s Special Relativity Theoiy (SRT). The equations of FDT reduce to those of SRT 
under all conditions that SRT has so far been tested. However, under certain conditions that have yet to be 
tested, FDT makes several clear predictions that contradict SRT. 

Einstein’s Special Relativity Theory (SRT) is based on two Aindamenial postujtnes; (1 ) The laws of physics are 
the sanK in dl inertial frames of reference (i.e. there is no preferred frame of reference) and, (2) the velocity of 
li^t is independent of the velocity of its source. A logical consequence of these postulates is that the velocity of 
light is independent of the motion of the source or observer. For this consequence to be tenable the Galilean 
transformations are rejected and a new set of transformations, commonly referred to as the Lorentz 
transformations are adopted. These transformations distort space and time so that tite velocity of light is 
independent of the motion of the source or observer. All the other consequences of Special Relativity Theory 
(SRT), such as the increase of mass with increasing velocity relative to the observer and the slowing of lime 
with increasing velocity relative to the observer, follow from these transformations as well. 

Field Distortion Iheoiy' (FDT) is also based on two fundamental postulates: (1) the Galilean transformations are 
valid, and (2) the field distortion principle - the electric field around a charge experiences an aerodynamic-like 
distortion when the charge moves through a gravitational field. Based on these two postulates a theory of light 
propagation is devel<^[)cd where, rather than distort space and time, it is the distortion of the electric field 
around a light source that accounts for the experimental evidence concerning the propagation of light. 

Under FDT it postulated that a body’s inertial mass is related to this field distortion. The result is a new 
equation for mass in whidi motion rel^ive to the gravitatkMial fields with the locally dominant field energy 
drasities, nert rootkMi relative to the (Riserver, is the critical factor in determining changes in mass. Under all 
cemditions tested to date the field distoition mass equation reduces to Einstein’s equation for mass. However, 
under certain conditions, the mass of a body does not become infinite when its velocity is equal to tlm velocity 
of light, as is the case in Specif Relativity, but remains finite. Under these conditions it should be possible to 
accelerate matter to hyperlight velocity. 

In FDT the relationship between mass aiKl time is examined. It is found that an increase in the mass of a system 
will result in a slowing of the time that system keeps, provided that the forces governing the system are not 
mass-dependent. A new equation for time is derived in which, as is the case for mass, motion relative to the 
gravitational fields with the locally dominant field energy densities, not motion relative to the observer, is the 
critical factor in determining changes in time. Under all conditions tested to date the field distortion time 
equation reduces to Einstein’s equation for time. However, under certain conditions, the time a system keeps 
does not slow to a standstill when its velocity is equal to the velocity of light, as is the case in Special 
Relativity, but continues unabated. 


PROSPECTS FOR INTERSTELLAR 'TRAVEL UNDER FIELD DISTOR'nON ’THEORY (FDT): 

According to Field Distonion Theory a body can be accelerated to light speed, and beyond, without 
experiencing the increase in mass or dilation of time associated with near-light speeds under SRT when the 
gravitational field energy density of the body in question is much greater than the gravitational field energy 
densities due to all other bodies at the location of the body in question. This condition is never realized at the 
Earth's surface, where the gravitational field energy density of the body in question (such as ui electron or 
proton in a panicle accelerator) is invariably much less than the gravitational field energy density of the Earth. 
In this case the equations of Field Distonion Theory reduce to those of Special Relativity Theory (except at 
extremely high energy). However, this condition occurs quite naturally in the case of a spacecraft leaving the 
solar system. 
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Consider a test panicle located on a ^>acecraft leaving the solar system. The field energy density of a 
gravitational field < is, 


“i 


2 

Si 

SnG 


(2) 


where is the gravitttional field strength due to gravituiona] field / at the locatimi of the test body, and G is 
ihe gravitational constant (6.67 x lO*" Nm^/kg^). Suf^rose that the test panicle is su jjcted to a gravitational 
field energy density due to the qucecraft itself of ii„ « 6.0 x 10 ^ J/m^ fThis is the same gravitational field 
energy density a test panicle located on the nirface of a lead spheie one meter in radius would experience). 
Table I shows the graviutional field energy density at the locatkm of the test panicle due to the spacecraft. u„, 
and due to the Sun, Uq. as the distance (in Astrmiomicai Units) of the spacecraft from the Sun increases. 


Table I; Graviutional Field Energy Density Due to Spacecraft, i„, and the Sun. Uq. at Location of Test 
Panicle 


Distance (AU) 

u„ (J/m’) 

Uq (J/m’) 

1 

6.0 X 10 ^ 

2.1 X 10« 

10 

6.0 X 10 ^ 

2.1 

100 

6.0 X 10 ’ 

2.1 X 10^ 

1000 

6.0 X 10 ’ 

2.1 X 10* 


The gravitational field eiKigy density that the test panicle experiences diK to the spacecraft, u„, does not change 
since the test paitkk does nm diange position relative to the spacecraft. However, the gravitational field oiergy 
density that the test panicle experiences due to the Sun, Uq, does change since the test panicle's position 
relative to the Sun chan^. 

When the graviutional field energy density at the locatkMi of the t<st particle diK to the spacecraft is mudi less 
than the gravitatkmal field oiergy density due to the Sun, u„ ■< Uo. as is the case when tlw distance of the 
spacecraft from the Sun is less t^ 10 AU, the equations of Field Disionion The<»y rediKc to those of Specif 
Relativity Theory (exeqM at extremely high energy). 

However, whoi the graviwional field energy density at the locatit n of the test panicle due to the spacecraft is 
much greater than the gravitational field energy density due to the Sun, u„ > Uq, as is the case when the 
distance of the qiacecraft from the Sun is greater than 100 AU (.C016 light-year), the test panicle can be 
accelerated to li^t speed, and beyond, without experiencing the increase in mass or dilation of time associated 
with near-light speeds under Special Relativity Theory. Since ever/ panicle of the spacecraft can be regarded as 
a test panicle subject to the graviutional field energy density due o all the other panicles that make up the 
spacecraft, it follows that the spacecraft itself can be accelerated to light speed, and beyond, without 
experiencing the increase in mass or dilation of time associated with near-light speeds under Special Relativity 
Theory. 

Thus under Field Distonion Theory future interstellar craft having a graviutional field energy density greater 
than the graviutional field energy density due to any other body a the location of the craft will not experience 
the increase in mass or dilation of time with increasing velocity relative to the stars. In theory such craft could 
attain velocities relative to the stars many times the velocity of ligU. 

Let us consider the inqilications of such a possibility for the prospect of interstellar travel. Imagine a "space- 
drive" oquble of subjecting every atom of a spacecraft to an acce eration of KXX) m/s^ (approximately 1(X) g). 
Suppose the craft is subjected to a constant acceleration of l(X)0 nV to the midpoint of its journey, and then a 
constant decelenuion of 1000 m/s^ from the midpoint of its journey to its destination. 
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Table 11 shows the amount of time required for tlie journey for a given distance under Special RelMivity Theory 
(SRT) and under Field Distortion Theory (FDT). 


Table II: Time Required to Cover a Given Distance Under Special Relativity Theory, 15 * 7 . awl Under Field 
Distortion Theory, 1 ^ 7,7 


Distance (light-years) 

tsKT (years) 

tpBT (years) 

5 

5.02 

0.44 

10 

10.02 

0.62 

50 

50.01 

1.38 

100 

100.01 

1.95 

500 

500.00 

4.36 

1000 

1000.00 

6.17 


Clesffly. if Field Distortion Theory (FDT) is a more accurate reflection of reality thai is Special Relativity 
Theory (SRT) the implications for the pro^rect of interstellar travel would be enormous. 

Tfe example aix)ve, employing a 'space drive", was useful for illustrating the potentially tremendous difference 
in travel time to the stars under Special Relativity Theory (SRT) versus Field Distortion Theory (FDT). 
However, we presently have no idea how to construct a "space drive". Let us return to the rocket and examine 
the amount of prq)e)lant required to reach near-light speeds, and beyond, under FDT. 

The amount of propellant required to reach a given velocity under FDT, provided the spacecraft has a 
gravitational field energy density greater than the graviutional field energy density due to any other body at the 
locsMion of the craft, is, 


A/. 


(3) 


whete Mj is the initial mass (propellent plus payload). Mf is the final mass (payload), v is the velocity relative to 
the observer, and v^ is the rocket exhaust vdocity. This equatimi is known as the "classical rocket equation" (as 
contrasted with the "relativistic rocket ^uation’ that one obtains by assuming SRT’s variation of mass with 
velocity). 


TIk key to the amount of propellant that a rocket must carry is the rocket exhaust velocity, v,. A final rocket 
velocity, v, much in excess of the locket exhaust velocity, v^. requires a tremendous amount of propellent. This 
is why any rocket that has been built (or is ever likely to be built) has a final velocity only a few times its 
rocket exhaust velocity. 


Table Ill shows the ratio of the initial mass (propellent plus payload) to the final mass (payload). M|/Mf, for a 
given final rocket velocity, v, when the rocket exhaust velocity, v,, is equal to the velocity of light, c. 


Table flJ: Ratio of Initial Mass to Final Mass, M/Mf, for a Given Final Rocket Velocity, v. When the 
Rocket Exhaust Velocity, v,. is Equal to the Velocity of Light, c_ 


v/c 

M,/M, 

1 

2.72 

10 

2.20 X 10* 

100 

2.69 X 10*’ 
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Assuming a rocket exhaust velocity equal to the velocity of light, v« <= c, we fiiid that rocket velocities in 
excess of a few times the velocity of light would require a tremendous amount of propellent. However, if the 
rocket exhaust velocity could be raised to hyperlight velocity then rocket velocities many times the velocity of 
light could be thieved without requiring a tremendous amount of propellent. 

Under Field Distortion Theory (FDT) it is possible to raise rocket exhaust velocity to hyperlight levels. Recall 
that under FDT body can be accelerated to light speed, and beyond, without experiencing the increase in mass 
or dilation of time associated with near-light speeds under SRT wl^en the gravitational field energy density of 
the body in question is much greyer than the gravitationai field energy densities due to all other bodies ^t the 
location of the body in question. Though this condition occur; quite naturally in the case of a spacecraft leaving 
the solar system, it is not the case for small bits matter (i.e. the rocket exhuist) leaving the spacecraft. The 
gravitational field energy density of the rocket exhaust (sudi as sueam of protons) is invariably much less than 
the gravitational field energy doisity of the ^lacecrafit. In this case the equations of Field Distortion Theory 
reduce to those of Special Rdativity Theory and it is inqiossible tc raise rocket exhaust velocity to hyperlight 
levels because the mass of the rodt^ exhaust goes to infmity as iu exhaust velocity v, goes to c. However this 
is not the case if a second moving body having a gravitaticmal fiek. energy density conqiar^ie to the spacecraft 
is inlioduced. Consider a spacecraft with the configuration shown n Figure 1. A mass, nij, orbits about the 
main body of the craft, m,. at the short end of a long boom with an orbital velocity, Vj. 

According to Field Distortkm Theory, for a 
spacecraft with the configuration shown in Figure 1, 
the mass of the hyperligbt rocket exhaust is, 

„ (4) 

where ntj. is the mass of the hyperlight rocket 
exhaust, 01 ,,. is the rest mass of the hyperlight 
rocket exhaust, v^. is tin hyperlight rocket exhaust 
velocity, V 2 is the orbital velocity of mass g, is 
the graviutional field strength due to the main b<xiy 
of the ^Mcecraft, m,. at tltt locatkHi of the rocket 
exhaust, ami gj is the gravitational field strength due 
to the orbital mass, mj, at the location of the rocket 
exhaust. 

If gi = gi. V 2 = 3.0 X 10* m/s, and Vj. = 1.5 x 10" 
m/s (SOOc), then the mass of the hyperlight rocket 
exhaust is 1.0 x 10^ times its rest mass. This is about 
100 times the mass magnification factor record 
currently held by the Large Electron/Positron (L£P) 
particle collider located on the French/Swiss border. However, there is no doubt that in the future the size of 
these devices will come down, even as their energy goes up | 6 , 7] With a rocket exhaust velocity of 500 times 
the velocity of light the spacecraft itself could attain a velocity of 1 00 times the velocity of light carrying only 
1.72 times its empty weight in propellent. 

Clearly, if correct. Field Distortion Theory would have revolution! ry implications for the prospect of interstellar 
travel. 



Figure 1. Configuration for a possible hyperlight 
rocket. A mass, m 2 , orbits about the main body of the 
craft, m., at velocity Vj. 
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TESTING FIELD DISTORTION THEORY; CONDUCTING THE MICHELSON-MORLEY 
EXPERIMENT ON NASA’S SPACE SHUTTLE; 


Field Distortion Theory can be tested by conducting the Michelson-Morley experiment on NASA’s space 
Puttie. The Michclson-Moricy experiment was conducted in 1887 at the Case Institute (now Case Western 
Reserve University) in Cleveland Ohio. It was this crucial experiment that, in conjunction with other 
experimental dau, led to the downfall of the Newtonian world view and paved the way for the acceptance of 
Einstein’s Special Relativity Theory. The experiment made use of an optical interferometer, a device of 
Michelson’s own design, and for which he was awarded the Nobel Prize m 1907. Basically, the experiment 
involved observing any changes in an interference pattern (fringe shift) produced by the recombination of two 
light beams that had been directed along paths ut right angles to each other. 

According to Special Relativity Theory a Michelson interferometer should rtot experience a fringe shift. Indeed 
it was the lack of an observed fringe shift in the Michelson-Morley experiment of 1887, in conjunction with 
other experimental dau, that served as experimental evidence for Special Relativity in 1905. 

However, according to the Field Distortion Theory of light propagation a Michelson optical interferometer 
should experience a fringe shift of. 


N = 


liC^ 


(5) 


where 1 is the path length, v^ is the velocity of the light source relative to the Earth’s gravitational field (i.e. 
the velocity of the interferometer relative to the center of the Earth), X is the wavelength, and c is the velocity 
of light. 

Using 1 = 11 m, X = 5.5 X KJ’m, c = 3.0 x 10* m/s, which were the values used in the Michelson-Morley 
experiment, and v® = 3.5 x 10^ m/s, which is the velocity of the interferometer relative to the Earth’s 
gravitational field at the latitude of Cleveland Ohio, we find that the fringe shift, N = 1.1 x 10^^. This result is 
100 times smaller than the sensitivity of the Michelson interferometer. Updated versions of the Michelson- 
Morley experiment performed since 1887 have steadily increased in sensitivity over the years, but not by 
enough to detect so small an effect fSJ. 

Thus, according to the Field Distortion Theory of light propagation the Michelson-Morley experiment failed to 
detect a fringe shift because the interferometer was not moving through the Earth's gravitational field fast 
enough to produce a detectable fringe shift. If the interferometer’s velocity through the Earth’s gravitational 
field could be increased by an order of magnitude the fringe shift would be 100 times greater and thus, provided 
FDT is correct, detectable. 

NASA’s space shuttle is a reusable space-plane that transports men and cargo into low Earth orbit. The shultle’.s 
orbital velocity, and thus its velocity relative to the Earth’s gravitational field, is 7.9 x 10^ m/s. Suppose the 
Michelson-Morley experiment was conducted on an orbiting space shuttle. 

Using I = 11 m, X = 5.5 X 10^ ffl, c = 3.0 x 10* tn/s, and v® = 7.9 x 10’ m/s, we find that the fringe shift, 
N = 5.6 X 10^. This result is 500 times larger than the effect at the Earth’s surface. It is also well within the 
detection capabilities of even the origirul 1887 Michelson interferometer. 



Let us consider the cost of such an experiment. One important fac to consider is that to conduct the Michelson- 
Moriey experiment on the space shuttle no new technology is needed and nothing new, at least in theory, need 
even lx built - Michelson interferometers of the requited sensitivity have existed for over a century, and 
NASA’s space shuttle has existed and continues to operate since One need only bring these two existing 
devices together for this unique experiment. On this basis one would expect costs to be low. However, space on 
the shuttle is at a premium and it may be necessary to design a Michelson interferometer that is specifically 
geared, peih^rs in terms of size and weight of components, for u&: on the space shuttle. 

It should be noted that even on Earth in the 1880’s Michelson was faced with similar considerations. In 1881, 
Michelson conducted his experiment using an interferometer with a path length of 1.2 m. However, to leave no 
doubt of their results, the 1887 Michelson-Morley experiment made use of a newly designed interferometer 
which made use of repeated reflection of the light beams, made possible by the precise placement of additional 
mirrors, to increase the path length (and thus any fringe shift) ove.- 9 times in the same size device [9]. If 
necessary, given today’s precision technology, it should certainly be possible to repeat Michelson’s feat and 
design an interferometer to fit within one of the shuttle's cubby-like experimental bays at a reasonable cost. 

We should also consider the political costs of such an experiment. News of the creation of NASA’s 
Breakthrough Propulsion Physics Program (lOj was well received ;n publications such as Ad Astra and Final 
Frontier 111, 12}. However, a news brief in Science magazine was entitled "NASA’s Fling With Anti-Gravity" 
[13]. The brief article, which concerned one of the experiments being conducted under NASA's Breakthrough 
Propulsion Physics Program, asked; ‘Anti-gravity - this year's "coid fusion"?’, and then clearly implied that the 
answer is yes. Valid or not, articles of this type can be written because experiments of this sort cannot be 
regarded as a legitimate investigation into currently accepted theor/. 

Fortunately, conducting the Michelson-Morley experiment on the space shuttle can be regaided as a legitimate 
investigation into currently accepted theory. Consequently conductjig the Michelson-Morley experiment on the 
space shunle would be considered ‘good science’ by the scientific :ommunity. In fact the author is not alone in 
suggesting that this experiment be performed [14]. Comiuamg the Michelstm-Morley experiment <m the space 
shuttle, regardless of the outcome, would represent a no-lose scmirrio for NASA. At worst the experimental 
results would be a unique and spectanilar confirmation of Einstein’s Special Relativity Theory, which has never 
been tested umler conditions in which the observer’s frame of refe -nice is in motion relative to the Earth. At 
best the experimental results of the conducting the Midielson-Mor ey experiromt on the space buttle would 
usher in a revolution in physics that may eventually pave the way or manned journeys to the stars. 


CONCLUSION; 

The distances to even the nearer stars are vast by human standards. If ship velocity is limited to the velocity of 
light, as dictated by Einstein’s Special Relativity Theory, then the prospecu for interstellar travel are dim. In 
1996, Field Distortion Theory (FDT), a irew theory of the ftindainsntal physics of light propagation and motion, 
intended as a replacement for Einstein’s Special Relativity Theory (SRT), was published. Under certain 
conditions FDT predicts that matter can be accelerated to light speai, and beyond, without experiencing the 
increase in mass or dilation of time associated with near-li^t speeJs under SRT. Thus, Field Distortion Theory 
has potentially revolutionary implications for the prospect of interstellar travel in terms of the amount of time 
required to reach other star systems as well as the amount of prop'dlant required to reach near-light speeds, and 
beyond. Field Distortion Theory can be tested by conducting the Michelson-Morley experiment on the space 
shuttle. Since one need only bring two existing devices, the Michelson interferometer and the space shuttle, 
together to conduct such an experiment, costs are exp«;ted to be low. Considering the impact that Field 
Distortion Theory would have, if correct, on the prospect of intentellar travel and man’s view of the nature of 
the universe in general it is recommended that this new theory he ested by conducting the Michelson-Morley 
experiment on the space shuttle. 
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QED CASIMIR FC«CE EI^CTRICAL POWER SUPPLY 


George F. Erickson 
4 Hopi Laike 
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TMs paiKT t»-o Mnb«<iiiii«nrs •( Um sanie basic cnncepl aa grcath' rfiffrmit size 

scales. iUMirfrrl for Mfrrent applkations. One ntacMne Is a large settle device aad Is a ratao 
tuachine and Is capable of substantial output power. The other dcstice is a SBico* Nawoiwachlne that 
sveuld he useful for produdo* ndcrosraits to mllHnaits of itouer fhr use as part of otlwr 
euicroeleetr oul c iniesniled circuit devices, such as cardbc pacemakers, olber medical Implairts 
tpiamcn-stal wrist watebes, pocket calculators, aad other low power deviort. If tbe tameSlllcon 
Na ao m addu e versioa is used in arrays of dozens to huadreds of devices, uttrUag cooperalivel}, 
pro d u ced by iC t er hu oiogv' on tbe same Sllicwi vrafer, it could power iow power portable computers, 
or with tbe use of recbargeablc batteries In tbe computer, do aN the things portable notebook and 
laptop compute, v do now and suppl) al the rc4|Hiied reciiarging power during the tfwr the computer 
it shtUdown. 

In eftect, both embodunents of this principle act as tf they are "Perpetual Motion Machines’ 
la dte classic normaBy tbermadytumicailT "impossibie' manner. Tbes however can produce usable 
dcctrkal output power with no ai^arcui input power source by virtue of an httcracdou of a Quantiun 
Eh e tr o dy na nde force or effect known as the Cashuir force, Mechaaksd motion and Electrostatic 
forces. This three way interaction of the QED Castniir force, .Mcciianical and Electrostatic fmees, in 
no war violates any thermodyuandc laws or tbe conservation of energy. because ^ die ability to 
exwact euergv from the Zero Point Fluctuations (hereafter cabed 2LPF), which is a known QED 
p h e n o me no n . 


Tbe reason that these <^sta>ir forces exist at all is a very contple'; QED explanation that in 
short states that all space, indudin* a vacuum, is lUled wMi an etimmous mnount of energy. This 
energy is in the form of 'A photons that are not nomiaUv observable. If one lakes two dote spaced, 
nwtaWc mirror plates, facing each other, this forms a typical flat-flat hMerferometcr onity. Since aH 
space is n^d with 'A photons of aN waveienglhs and all their possible modes from DC to the high 
fresiuency cut-off'.savelength (the Planck freoueticy limit), calmlated to be 10 ** cm, ffds Icoves all 
s^ce filled with an enormous virtual energy density. By pladng two paraUei metal mirror plates 
close together, at in any liuerferomeler cavity, an) wave that has a half waveiengtb longer thun the 
spacing between the boundary mirrors of the hiterferomeier cavity cannot exist inside that cavity. 
Since the outside surfaces of the taUerferonteter mirrors are bombarded by .4LL foe pofslble 
vvaveleagtbs aad tbe inside surfaces are being bombarded by ALL possible wavelengths MINUS the 
ones excluded by the '/> waveiengtb Hmir set by the cavtiy piste spadng, the doser the brttrferometer 
plates are spaced to each other the more wnveienglhs on the low freq u e nc y end of tbe spectrum that 
arc exchided. This means that there Is an unbalance in the radiation pressure forces tendiog to drive 
the plates together. This radiaThMi pretture force d f fferenttal only beco m es signMcMt at very small 
spacings but increases as the Inverse FOURTH powvr as tbe spacings become very ttny In terms of 
wavelengths of light. One then has an ahnosl astrononilcaHr large number, from which one subtracts 
this astronomically large number mbius a very small number. This smaH number increases rapidly 

as Tiie plate spacing decreases to vety tmaU values like nanometers-(At this point, please read the 

related paper, *.4 PROPOSED LIMIT ON THE EXTENT OF THE CASIMIR FORCE AT \XRY 
CLOSE SPACINGS''. This paper proposes that the Casimlr force in practice reaches a limit that Is 
much smaller than the ttieoretfcai limit.) - - The content of this paper on the limit to the extent of the 
Casimlr force Is quite Important to this p.vper as will be seen later. - - - This net force unbalance is 
what then drives the plates together and Is the C.-istniir force. 

Note thrt these are \'ERV small spacing! indeed. Even 20 nm is only about 1/10 of a 
WTVveleiigth of sliort ultravioiel light. 50 .Angstrom unWs Is the length of a modest X-ray photon. .At 
this time in historv no one has built a piece of conventional moving macblnerr at anything like even 
20 nm toleraiKes between moving parts. There is ane e.xception however and this is in the fields of 
'^Scanning Tunneling Microscopy". (STM) and .Atomic Force Microscopy" (AFM). In this case a 



v«n fine point or witisktr U nuuirtataied at flwso kind of distancos from the object to be exanUned or 
imaged. This rine point is motion scanned in a raster like nanner to form a TN’ image of the. current 
/ voltage / distance variattmis betsveen the wlUsker point and the object to be oitserr ed and magnified. 
The motion is applied to the suppmi fm- the point or sTfaisber by means of piezoelectric transducers, 
while the object to be e.\anuoed is held stationary. The eMire travel ^ the uliisker traveling In a TV 
raster scan manner is only a matter cX microns or less. Slice piezoelectric transducers are fast in 
response and very controllable over small travel distances they are ideal for the small motions 
needed in STM and AF.M. They are controUed by fast act.ng electronic sers'omechanlsnis. This form 
of spacing control will be utilized in tliese devices, as will be described later. 

The basic operating principle uivolved in both de« ices described In this paper depends on a 
difference in the svay the two forces, the Casimir force and the electrostafk force behave. The 
mechanical force is only used as a means of causing fiie reared interaction betwocn the mher two 
forces by mcMs of their dirfwent properties. The electrosratk force, or the attraction between two 
oppositely eicctricaliy cliarged bodies, (in this case two flat plaks), one charged poshh'ely and the 
other charged negath eh, acts to attract these plates towar d one anotlier regardless of the posMon of 
tlic plates relative to one another In the case of unlike point efamges, the attraction between :he point 
charges behaves as fiie Inverse bv^U.4RE law of the separstlon distance between the point charges. 

In the case unlike charged, flat paraHcl circular plates that are facing one anotlier. when the 
separation distance is small compared to tlie area of the plates, the attractiv e force will Increase at a 
rate that is LESS THAN the Inverse SQUARE law. This electrostallc force can be significant even at 
substantial plate separations, (sev eral cm or mwe), depending on the voltage difference between the 
plates. 


in the case of the Casimir force, the attractive force only acts at very ciese spachigs, like tens 
of nanmneters or so and has the other property of increasing at a much greMer rate wRh decrea si ng 
plate separations. The Casimir force increases as the inverse FOURTH power of the phde separation. 
The unique ittllermce between ttie electrostatic force and the Casimir force is that two flat, pandM 
plates facing each other and charged with opposite electrical potaritics will exhibit an attractive force 
between one anotlier whether the plates are pushed or pulled toward or away from one another or, in 
this case, mote biiportantly, wlietber the plates are slid or dieared toward or away from one another 
w hile maintaining a constant plate spacing. Tlie Casimir f tree on the other band only e.xhibits an 
attractive force between the plates if they are pushed or pulled apart. There is no force required to 
slide or shear the plates apart when a constant spacing is i lalntained between the plates. This odd 
difference In the behavior ot the two types of forces is the heart of this Invention. 

THE PRIMARY CLAIM OF THIS INVENTION IS THAT :- Energy can be extracted from 
tlie Casimir force and coupled or transferred into an enhanced electrostatic force if tlie proper 
mccfaanica) motion is applied in a cyclical manner to two p irallel ckctrkally conductive (mirror 
polished meui) plates that are subjected to both types tdforces at tivc same thne The pidtem of 
mechanical motion of the tviro metal mirror plates that also carry unlike electrkal charges, is a “Push 
- Slide - Pull - Slide" rcpettttve, four cycle or stroke motion done at extremely dose plate spadngs. 
(See Figure #1). Without the effect of the Casimir force, th ? clectrostattc fortts simply cancel out, (a 
zero sum process) and no net energy can be c.xtracted and rhe system “runs down” to a stop from 
normal nuKliine (frktlonaO, losses. With the Casimir foroi also acting the plates arc attracted toward 
one another with a much greater force than the electrostatic forces alone could apply for a given 
voittge difference due to tlie intense Casimir attraction at»«ry dose plate spadngs. By allowing the 
niechanicai sy stem to store displacement energy , like stret>-Jiing or bending a spring, energy is 
transferred to the mechanical force part of the systent. Th s is the first “Push” part of the four stroke 
operating cycle. 

In the next part of the motion cy cle, the two, now very closely spaced, oppositely electrically 
charged pLates, arc now slid or sheared apart while maintaining a constant plate spacing. This is the 
first “Slide” motion in the four cy cle or four stroke process. Work Is required against tlie 



electrostatic force to separate tbe plates In a shearin* motion but IS NOl retpiired to overcome the 
powerful Casimir attractive force. Ulien tiie tuo plates are now separated laterally the Casimir force 
is nil but some electrostatic force stiH exists, but Is mucli reduced below the value when the plates 
were facus|; each other. As the chared plates move lateralh', the electrical capacitance between the 
plates decreases greatly (like a factor of fifty or so), and hence the voltage hetween the plates increases 
greatly If they are isolated from other external circuitry. This is the result ^ Q s EC. or. Coulonibs 
equals Voltage times Capacitance. Q. or Coulombs is conserved or constant as the capachy of the 
capacitor is changed if no charge is allossed to flow into other parts of the external cbrcult. With Q 
held constant, and C decreasing. E, the voltage across the capacitor will increase (by a factor «f ftfiy or 
so), in proportion. 

The total energy stored in Joules, lncrea.ses as V: of the square of the voltage and decreases 
linearly as the capacitance decreases, J = '/< E’’ x C. This means that as work is dmie in separating 
charges by moving tbe capacitor plates to a lower capacitance configuration, the energy shows up as 
an increased number of Joules stored In the capacitor. The Cashnir force is used to augment the 
change in capacitancr beymid what the electrostatic forces are capable This Casimir force 
contribution to tlie change in the ratio of maximum to minimum capacitance during the four stroke 
cycle, in effect, comes for ‘•free", that is requiring no extern^ «torgy input source to provide this 
addition^ available electrostatic energy. Since the Cashnir force comes from the ZPF vulual energy 
that fills all space, a small amount of tbe ZPF energy is “tapped” for free to supply the required extra 
energy without any apparent ordinary energy source being required. This is why the madihw. in 
either embodiment, appears to look like a ciassk “perpetual motion machine”. without violating any 
of the usual thermodynamic laws, or the conservation of energy. The stored kinetic mechanical 
energy of the v ibrating “timing fork” lUie tines supplying the “Push and Puli" motion on the one set 
of capacitor plates, along with the ^her mechanical lateral "Slide” motion, is merely an Inlerinediate 
energy transfer process that allows for llic comple.x four str^e “Push - Slide - Pull - Slide" cycKcal 
process to operate. The only really difficult part of toe process Is the requirement that the mechanical 
operating distances are so tiny fai order for the Casimir force to come into pby. No one has ever built 
a large machine with anything Uke these close spacings betw een high speed moving parts. The only 
way that sudi a system can be built without the moving parts crashing together is to use fast acting 
servomechanisms with input spacing measurement transducers and piezoeiectric actuators borrowed 
from the ST.M and .AFM teciinologtes. 

Since one of tlie plates is attached to the mechanical spring system it is deflected more by the 
combined eieclrostatic plus the Casimir force than it would have been by only the elec trostatic force 
acting atone. This additional spring deflection is a form of stored mechanical energy and can be 
utilized later in th-; operational cyde. This is the first part of the “Push” part of the four part cycle. 
The second part of tlie four stroke cycle is the “Slide” motion. As the ptotes are slid or sheared apart, 
the forces attracting the plates in the direction perpendicular to the faces of the plates is greatly 
reduced and the stored energy in the spring deflection of toe plate attached to the spring is now very 
much reduced. This allows the spring to “snap back” past its neutral or resting position and recoil so 
as to increase the spacing between the plates. This Is the “Pull” part of the four stroke process. Tiiis 
further reduces the electricul capacitance between the plates a bit more. If tbe spring-mass (plate) 
mechanical time constant Is set to be operating at its natural mechanical resonant frequency , like a 
tuning fork, and the "Push - Slide - Pull - Slide" , cyclical motion is also repeated at this same 
frequency, the spring - mass osciHattons of the moving plate will build up to a substantial amplitude. 
In the case of the application to this invention, toe spring is very stiff and the maximum amplitude is 
only a few microns, hut the osdilation frequency is quite high, like 5 to 15 Kilohertz or more. Under 
toese conditions depending upon plate area, plate spacing, the spring constant, the mass of the 
mov able plate, the total travel (microns) of the plaip (tuning fork tine) and the mechanical resonant 
operating frequency , considerable kinetic mechanical energy can be stored which will be coupled out 
later Into the electrostatic force part of the process. 
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Mechanical losses are also greatls- reduced, (Le. - the medianica] “Q** increased) - (this “Q”, 
or “quality factor", is a dHTerent Q than is used as the symbol for Coulondts above), • since the entire 
system Is oper ated in a high vaanun for a number of reasons. Aerodynamic drag of comse is 
reduced to essemtahy zero in a high vacuum. The other reason for tte very high vacuum 
requirement is to obtain very good electrical insulation between the very dose simeed bare metal 
mov ing parts. Electrical insulatton values of at much as 3000 volts per mil (0.001 inch) are pessttle 
in a very high vacuum. As will be shown later, the use of a very Ugh vacuum is also accessary as 
thermai insuladoa for some of the parts that arc operated ht cryogenic temperatures hi the large scale 
cm hodime i i t of this inventioa. 


As this cyclical process proceeds, the spring - phM> (mass) tuning fork Uke osdUation reaches 
the far end of the recoi travel and starts to move forward ogUn, toward the other plate. This Is the 
end of the “PuB” part of the cycle and the begianhig of the "Push" part of the cycle. Mconwhile the 
nesf’SUdc” part of the cycle is operating. The other plate Is moving a^nn in line wMi the spring 
l o ade d pfaMc mul the "Push" part of the opemtioaal cycle s alts - ^ er again. The "Push A Pull" cycles 
are 90 degrees out of phase wMh the two "SUdhig" motion parts of the overaH cycle. As K does to it is 
again attracted by both the eicetrostuk and Casimir forces and moves even closer toward the fixed 
plate. To prevent the plmes from erasing together, sensors must detect the si^nucroscnpic 
s^aration between the plates and cause a servo loop to withdraw the spring l o ade d (hming fork Uce) 
stator plate tines had: away slightly from the fixed plate to prevent a c^sion between tbe two plates 
as the tuning fork (pbic) oscillation amplitude Increases. 

One can make a vague paraliei of this “Push - Slide - Pull - Slide" Casfanir device, to the four 
strokes of a four cyde piston engine. One could look at the "Push” stroke as the "Compression” 
stroke of a piston enghie. The next "Slide" motion of the Cashnir device would he much Mke the 
“Power” stroke of a piston engine. The “Pull" stroke would be akin to the "Exhaust” stroke of the 
pislou engine and the last "SNde” nralwn would be Uke the "Intake” stroke of tbe piston en^ne. The 
analogy Is not perfect, hut it gives a flavor for the energy wUlzatien parts of the Casiniir device four 
part cycle. As a further anatogy to the four cyde piston en>,;inc, the doser the plates can be spaced at 
the peak of the "Push” cyde the greater tbe contribution ol tbe Castmir force to the operation of tlie 
overall device and the greater the overall output efficiency-. 

The analog here is that reducing the plate spadn;* at the point of closest approach is much 
like mcrcasing the compression ratio hi a four cycle piston automobile engine. At very dose spadngs, 
like five nanometers or so, the Casimir forces are very higi, tike tins of atmospheres, so very large 
anwwits of mcdiaiikai energy can be transferred to the mtchankal osdUator part of file system. 

This all tends to Increase the ampNtude of the mechanical t seWation and hence the ratio of maximum 
to mtatimuni electrical capaettance. This then couples to the electrostatic force as part of the tiiree way 
tateractioa and increases the electrkal output power. The danger with working wMi ever decreasing 
plate spadngs in the hope of gaining additional machine oktput efficiency is the increased risk of 
"crashing" tiie plaies togdher and destroying the machine Since the Casimir fmee, which In theory, 
increases at the Incredible inverse fourth power rate, wouM make It very dtfficult to prevent a "snap 
action Crash” or efosure of this already very small gap spacing. Tbe reqidrements on the response of 
the distance senthig servo loop to prevent a "Crash” would be very severe if not impossible. - - - 
Again referring to the pressure vs. distance curves in the other paper, the Casimir force should 
flatten out and not get very much greater at decreasing spadngs belosv a few nanometers. This will 
be a great help to preventing the "snap closed Crash” prot lem that would be very difficult for the 
servo loop to prevent If the Cashnir force csmtimicd to tner sase for decreasing spadngs like the 
theoretical CasInUr force curve would predict Hence the Importance of the information given in the 
other paper to this Casimir machine. 

A further analogy to piston type internal combustfon engines to my "Casimir device” Is that 
of comparing engine displacement to overlapping "Casiroi - force active working area” and engine 



RPM to tlio Casimir <le%ice operating frequencx-. Both these effects increase the output power of their 
respecthe devices. 

Energv is extracted from the oxerall sxsteai as rectified high frequence etectriod power by 
ineins of the well kmnsn, old, “Charge Pump'’ circuit, which depends on the cyclical increasing and 
decreasing of die electrical capacitance of a motor driven variable capacitor, connected through tw o 
diode rectifiers. (See Figure #2). The classic “Charge Pump* requires power to drive the amtor that 
^crates Ae moving variable capacitor and only acts to increase the voltage supplied to a load. It 
consumes power rather than proAtetng My. With the appUartton of the energy extracted from the 
Cashnir force to increate the nUlo of miiitaium to maxbmmi capac itance of the motor driven variable 
capacitor the output voltage produced by the “Charge Pump” is greatly increased and consequently 
the output power of the Cashnir enhanced “Charge Pump” is greatly increased. With the proper 
scaling of the device, whether large or small, more output power sbonid be prothiced than is required 
to operate the drive motor that opendes tiie variable capacitor. Considerable circulating power is 
required to power the drive motor from the Cashnir fwce enbMced output voltage of the “Charge 
Punip“, but Aere should be considerable power produced to power external leads. Hence the 
machfaie, in wMcbever form it takes, will continue to run “forever”, or at least witil some part fails, 
once started by an external starter motor power supph. The stwtnp motor power supply is Jnst like 
an automobile piston or a gas tarbine engine requirement. Once operating at the self resonant 
frequency of the tuning fork tines, which are one of the capacitor plates, external power should be 
produced and the starter motor power supply can be disconnected and the drive motor powered by 
the power produced by the device itself. There of course would be excess power produced to drive 
ether e.xtenial u»fui electrical toads. 

The first embodiment I will describe is the Silken Micro Electro Mechanical System, (or 
iME.MS ntacMne version). This would consist of a device made by integrated circuit technology on a 
single crystal Silicon wafer that wautd consist of a suspended flat polished plate supported only by 
four cantilever beams, iwn on exh side of the suspen^d plate and etched free of the Silken substrate 
on tlie underside of Uie SiUcon wafer. The flat plate w’ouM also carry interdigitated or “comb finger” 
capacitor plates on the opposing pair of edges. (See Figure #3). These interdigitated “comb finger” 
capacitor plates would be interleaved with stationary “comb finger” capachor plates attached to tlie 
solid frame of the Silicon wnfer. This combination is tiius far a well known MEMS device that is 
often used as a linear accelerometer. This devke if enclosed in a high vacuum endosure has a high 
mechankai “Q” (like a fesv times lO'*), and a high mechanical resonate frequency, (like tens of kHz), 
depending of the spring-mass constants of the structure. This devke also can operate as a linear 
elcctrostattc osciltotor motor when a high frequency electrkai signal is appikd across Ae two sets of 
interdigitated “comb finger” capacitor plates. When the high frequency electricai drive signal Is 
tuned to Ae mechanically resonant frequency of the described stocuum encased .Vf EMS device, the 
amplitude of Ae Hnear vibration will increase greatly and Ac devke will behave like an electrically 
driven tuning forti. oscillating back and forth. Unfortunately this kind of mechanical oscillator will 
couple vibrational energy to the Silicon wafer frame and unless restrained, or compensated for, will 
seriously spoil the mechanical “Q" of the MEMS device. One way of compensating for Ais 
unbalanced force on Ae wafer is to place two identical devices on Ae same wafer, in line and close 
together. These two devices will Aen be operated at Ae same resonant frequency but 180 degrees out 
of phase so that Ae vibrations coupled into Ae wafer wilt cancel out. This requires good matching of 
the device structures during fabrication so as to achieve matching resonant frequencks and nearly 
identical masses of Ae moving pan.s. This is like matching Ae two ^nes of a conventional Aning fork 
so very littie vibrattonai energy is coupled into the support rod, also called “damping loss”. If this is 
carefully done, Ae overall mechanical “Q” of Ae MEMS pair operated at resonance would be very 
high and the high frequency electrical drive requirement quite tow as long as tlie MEMS mechanical 
oscillator was not operated at excessive displacement amplitudes. So called Microresonators have 
featare sizes of about one micron by S or 6 microns. Macrorcsonators have feature sizes on the order 
of several millimeters and have mechanical “0”$ that are generally much higher but have generally 
lower resonant frequencies due to tlie Increased mass of the suspended platform. 



If thU kind of device is combined with a torsional tscHlator of the same general ts'pe, the tips 
on a torsional oscillator would move np and down while th ^ piatfomi of the linear resonant motw 
would move back and forth. If bofo sy stems are operated at the same resonant fretpiency but the 
torsieiial oscillator was timed so as to be 90 degrees out of phase with the linear oscilbdor the relative 
motions between the linear platform motion and the paddl-* tips of the torsional oscillator located Jnst 
above the edges of the platform would move in the ^^Pusb-vSIfajc^Putt-Sllde" manner needed to become 
a Cashnir power producing machfoe. The spacing betwee^i the paddle tips of the torsional osctlbtor 
and the platform of the ttnear m o ti on nmtor would have to be cweftdl)' controlled b>' servo loops so 
that the two sets of parts on the Cashnir MEMS des'ice did not collide and “Crash**. External to the 
Cashnir MEMS device, but probably on the same wafer would be the idgh frequency driver 
electro ni cs, the ctiarge pump fast recover}' diodes, the required distance controlling servo and 
associated feedback circuitry. In effect this would constitute an I.C. that provides power to 
operate ttself plus po\>erhtg some exfomai circuitry. It wx-uld only require external power for a 
fraction of a second, long enough to start the Cashnir MEMS device operating. The spacing between 
the two sets ^ maving members on the MEMS device would still have to come wtttiin 20 naaometers 
or closer at Ae point of closest approach in order for the C ashnir forces to he significant enough to 
overcome all other loss mechanisms. 

Fabrication of such Casimir ME.MS devices with tin required on diip control and drive 
electronics could probably be fabricated by tlie Cornell N:inorabricatfoa Facility (CNF), (Dr. Noel C. 
McDmnid* s g^roup in the £.E. D^t.) at CorncU Universtly, or Sandia National Lab. in Albuquerque, 
NM., as well as a few other places that can do MEMS work. There are a number of themes and 
variatkms on the MEMS type devices reialed to tlie niech.inical resonator design structures that 
would do the same bask “ Push-SMde^Pult-Siidc" functior. required by the bask patent concept. 

In the large site scale, embodiment, (See Figure P4) two ekctrkally conductive disks, roughly 
one meter in diameter, ear rotating at high speed (die rot’^r) and one stationary are placed in very- 
close proximity to each oilK-r and have their faces parade to one another. Both disks have mirror 
finished surfaces on the - outer third of their diameters vltb a special small ciHTUgated finish 
running radially. The stationary disk (the stator) is also tut into two h^es across a diameter that are 
electrically insulated from each other. The split stmtonary disk pair (the split stators) also are slit, 
with a thin cutter, radially into an es-en number of segments about one diird the way in from the 
outside edge (over the mirror surface region). The radial comigations have their convex faces 
centered on the center of each slit segment. These radial segment mirrers locaied on the outer third 
of the split stator disk are arranged so they can vibrate U ie tuning fork tines in and out of the plane of 
the face of the disk. Each segment is arranged so It will x ibrate at its natural resmunt frequency out 
of phase with each of Its neighboring tines, (i.e. - lines 1,3,5,7.9,1 l.etc, are moving toward the rotor, 
while tines 30,32,2,4,6,8,etc are moving away from the rutor. All the tines are tndtvidually tuned so 
that they all have exactly the same natural resonant frequency by adjusting the mass of tlie back of 
the tine and the spring constant of the thinner flexing hitigc near the root of the tine or the “flower 
petal”. 


Each split stator tint or “flower petal” only moves a veiy small distance, even at the lip of the 
tine, a distance measured in, like one or two microns. Tl is makes the tines very *'stiff” mechankaliy 
wUh the point of greatest flexure near the root of the tine The mechanical resonant frequency, the 
spring - mass time constant, is at a high frequency, on tlie order of 5 tol5 Kilohertz or so. The 
mechanical resonant “Q” is kept as high as possible. Tl Is means that the losses due to internal 
trk:'.onal propeitks of the stator segment material be k<pt as low as possible. For this and other 
reasons, the entire device is operated in a high vacuum (like 10 * Torr or better). In a vacuum 
environmem the “flower petal" like segments on the staior halves that are vibrating a tiny amount at 
a high frequency will have no aerodynamic drag that would lower the effective “Q” of these multiple 
tuning fork like tines. The outer parts of each “flower p rtal” like tine are stiffened on the back side so 
that it only flexes near flie root of the tine, near the insid ? end of the tliin radial slot. With an even 



number of tines vibrating out of phase svith their nearest neighbors, the “clamping loss” to the buik 
of the split stator should be quite low uhich also improves the mechanical “Q” of this complex 
vibrating structure. 

The outer third of htdh the rotor and the two stator iialves have a vers- high qual mirror 
surface with a special “figure" or astignmtism tliat is in the form of radial corrugations that are In the 
form of elongated raised islands tluit are only about one micron above tlie base plane “flat" with 
gentle sloping sicks. These raised islands ccdncide with the center of the every other “flower petal" on 
the two stator segments and have half the number of “islands" on the rotor as on the stator halves. 

As the rotor turns with respect to the stator halves, tiic rotor and stator islands will move in and out 
of phase with respect to each Mher. (See Figure ttSa, 5h, 5c <& 5d). F.very other vibrating stator 
“flower petal" with Its island, will he at the point of closest approach to a rotor island at the same time 
and in between a pair of nrtor Islands, (facing a valky), at the next tnstant in time, ('A cy cle later). The 
liming diagram (hgures #5 a,b,c,d) will make this dear. 

The timing of tiie rotor RPM is matched to the stator “flower petal" mechanical resonant 
frequency- so that tlie mechanical resonance of the stator “flower petals" is reinforced by the periodic 
electrostatic attraction and the mudi stronger Casiniir force at the dose spadngs required to make 
the machine work. Since the electrical output coming iHrectiy from the rotor - split stator variable 
capacitor combination produces high frequency- AC, superimposed on a DC voltage kvei. the high 
frequency component is used to drive an electrostatic synchronous motor that is the drive motor 
shafted directly to the rippled mirror surfaced rotor with suitable power cmiditioning electronics. 

There are a number of unique properties of the electrostatic drive motor that i.s shafted to the 
rippled rotor mirror assembly . Since a high RPM rotor with ordinary ball or roller thrust bearings 
could not possibly hope to allow the rotor to run as dose to the split statm* plates as Is required to get 
within the Casimir useful distance range (20 nanometers or less), without “Crashing", a special set of 
shaft end bearings are needed. 

As one of the additional claims required bv this large scak embodiment of this sievice. 
superconducting, liquid nitrogen cooled crvosenic fV'CBO - HTS) hvbrid bearings are required at 
both ends of the electrostatic motor, ripokd mirror rotor .-issemblv. These kinds of bearings are well 
developed by several institutions. One group at the University of Houston, the “High Temperature 
Superconductor, (HTS) Levitation Applications Laboratory", headed by Dr. X\'ei-Kan-Chu has 
produced high RPM, and fairly high load bearing HTS bearings that have fantastic vibration 
isolation capability. These HTS bearings also have very low (near lero) frictional loss wliich is very- 
important to this application. Since this entire dev ice must be operated in a high vacuum for both 
aerodynamic drag and electrical insulation reasons, as well as the thermal insulation required to keep 
the YCBO - HTS iiearings at liquid nitrogen temperatures, it makes sense lo encase the entire 
Casimir machine in a cold walled vacuum tank which is also a vacuum dewar for liquid nitrogen that 
surrounds the entire machine. This would also help maintain the high quality vacuum Inside the 
entire device, a cryopump for condensable vapors. 

The liquid nitrogen consumption rate should he quite low, about like a few hundred liter, 
super insulated liquid nitrogen dewar is now. Excess power would also be used lo supply the small 
amount of power needed to maintain the high vacuum in the Casimir machine cold walled vacuum 
tank. Using a small “Vacion" ty p^ Titanium, Penning discharge v acuum pump, in addition to the 
cryogenic, cold walled vacuum tank, the vacuum pumping power requirements should be trivial. The 
largest ancillary- power requirement would be a sn»ll nitrogen liquefler to recover the boil off LN2 
gas so that the system would be totally self sufficient. The only other piece of external power 
equipment needed would be an automobile ty pe storage battery needed to restart the machine in case 
of a safety “SCIUUM" from a severe shock or heavy low frequency v ibration. This would assume that 
the machine has been filled with LN2 and is under vacuum in the first place. This initial vacuum 
punjp down and LN2 fill and cool down would require perhaps a day or so to get things operating for 
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the vachtae has hcen fiUcd ««Ttfa LN2 aad is under vacuam in the Ant place. This initial vacuum 
pump down and LN2 Ail and cool down would require perhaps a day or so to set thinss operatia« for 
the fint tiasc and get the HTS bearioss levitatins and b-ins the rotor up to speed for the Arst time 
from a dead warm stop. This would require external power in the few kihswart range for a little 
while plus the required LN2 to cool olT the entire mathi-te and All the dewar jacket with LN2. 

1 would envifioa the machine as having the rotor assembly operate on a vertical axis and the 
machiue housing, LN2 dewar and all, well isolated from room aad Aoor vibrations. The fast response 
time distance measuring and controUing servo loops oeeded to maintain the correct Casimir required 
spacing betneen the rippled mirror face of tbe rotor aad tbe split stator mirrors with the vibrating 
‘‘flower petal'* tines would use the STM or AFM teosors and the piezoeleclric actuators combined 
with stepping motors to position the close spaced parts at tbe correct distances without “Crashing*’ 
the machine. At distances like 5 to 20 nanometer spacings, the typical rigid structures as used for 
optical benches are only a starting point and one has to depend on continuous, active measurement 
and control of the required spaciugs between the moving and stationary mirrors. Vibration and 
shock sensors located on the machine isolation supports can be used to actuate fast acting safety 
devices to quickly increase the spacing between the rotor and split stator mirrors by jerkiog bock the 
split stator mirror assembly away from tbe rotor before tbe shock can cause a “Crash" between the 
moving rotor and the split stator mirrors. This is the only vibratioa aad shock sensitive part of the 
entire system, but it must be o-ell protected. Jerking ho~k the split stator mirror assembly from the 
rotor mirror by a few millimeters, would temporard}' stop the macbuie from producing any power 
and it would stert to slew do%vn and drop out of synchreuizatioD. This would require a restart 
sequence to begin by using a little external power from the autotnobile battery to bring the rotor 
speed up to sync with the vibrating “flower petals” on the split sUlor and then slowly inch the split 
stator assembly forward until it is within the Casimir di stance range again to the rotor and the 
machine would again begin to produce output power. Such a shock induced protective “SCRAM" 
would probably require several to tens of seconds to rcc-iver and again produce full output power. 
The power draio on the automobile restart battery would be trivial. 

Please read the related paper that discusses the limitations on the extent of the Casimir force 
at very close spacings. 


George F. Erickson - August 6, 1997 
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Figure #2 


Circuit Diagram of the “Charge Pump" 
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A PROPOSED LIMIT ON THE EXTENT OF THE 
CASIMIR FORCE AT VERY CLOSE SPACINGS 


The Casimir force, stated in a simplistic way, states that when two 
mirror smooth (preferably metallic) surfaces are brought together, parallel, 
to within very small distances, under a few microns to a few nanometers or 
less, a very powerful attractive force comes into play that increases at an 
inverse FOURTH power rate. As an example, at a plate separation of 20 
nanometers the force is -0.08 atmospheres, or 1.176 PSI, (one sea level 
atmosphere equals 14.7 PSI). At a plate separation of 10 nanometers (nm) 
the force is now sixteen times greater or 1.28 atmospheres or 18.8 PSI. 
Taking this tc a five nanometer (nm) plate separation, the force is now 
20.48 atmospheres or 301 PSI. If one cares to take this effect down to 2.5 
nanometers or 25 Angstrom units, the force would be 4096 times larger 
than at 20 nanometers or 0.08 x 4096 = 327.7 atmospheres or 4317 PSI W If 
one decreases the spacing another factor of two, down to 1-25 nm or 12.5 
Angstroms and allow the force to increase another factor of 16, the force 
acting on the mirror plates v uid be 5243 atmospheres or 77,070 PSI!! 
Going to still smaller spacings, say, 6.25 Angstrom" ♦he force would be 
83,886 atmospheres or 1,233,125 PSI. This is clearly ridiculous, as otre is 
beyond the structural strength limits for at! known materials and into the 
range where carbon would transfoim into diamond if heated. Clearly there 
is another limit that is coming into play at very small separations or 
everything in the world would collapse into some ultra high pressure 
phase modification. 

What I am proposing is that when the Casimir force requires the 
invoking of wavelengths beyond the ultraviolet and into the X-ray region, 
the mirrors, whatever they are made of, start to become transparent to the 
• adiation they are supposed to exclude. At this point the plate separations 
become “fuzzy" and probably lossy as the soft X-ray radiation begins to 
penetrate the plates and would be attenuated, if it could exist at all. This 
would then provide a high frequency or short wavelength cut-off that is 
very much lower than the quoted 10*^^ cm Planck waveiengtlt cut-off limit. 
The short wavelength, penetrating radiation, would pass through the plates 
from both the inside and the outside of the plates and would hence not 
produce much if any radiation pressure, either internal or external to the 
mirror interferometer cavity. This would also tend to explain why dielectric 
cavity boundaries or "mirrors” tend to have Casimir forces that are about 
one order of magnitude less than metallic mirrors since the dielectric 
"mirrors” are transparent to much of the radiation below the ultraviolet 
region of the spectrum. Since radiation pressure only acts on a surface if it 
is either reflected or absorbed and does not act on a surface that is 
transparent to that radiation, the dielectr c "mirrors” are transparent to and 



hence unaffected by the virtual radiation pressure, it is probably largely 
the ultraviolet and parts of the infrared s ^ectrum that contribute to the 
Casimir force on dietectric “mirrors”. Since an uttraviolet photon contains 
much more energy than an infrared photon, the UV portion of the spectrum 
up to the X-ray transmission limit I am postulating, probably contributes 
most of the remaining Casimir force on dielectric “mirrors". 

This means that the Casimir force has a reasonable force upper 
bound and does not increase at the inve'se FOURTH power rate much 
beyond this proposed X-ray transmission limit. This would mean that at 
distances of around 100 Angstroms or a little less, the Casimir force vs. 
distance curve would cease to rise at the incredible inverse FOURTH power 
rate but would gradually flatten out and become nearly a constant value at 
very close distances. These forces would then be well within the structural 
limits of ordirmry materials. Most probably on the order of several 
hundreds to a few thousand PSI at even the closest of interferometer 
spacings, even with metallic mirrors. 

As of June 27,199? we are having some experimental parts 
fabricated that hopefully will provide a few experimental points in that part 
of the Casimir force vs. distance curve that will tell into that region where 
the X-ray transparency limit would be acting. These wilt consist of 
hardened steel tensile bars made from 4'tOC stainless steel that have 
optical flat faces of - ten square cm. croiis sectional area, that are optically 
contacted and are held together by the Casimir force. These tensile bars 
are only held together by the Casimir force in the center section. They can 
easily be slid (or sheared) apart, just like any contacted optical flats, but 
fairly large forces wilt be needed to pull the optically contacted fiat faces 
apart as a pure tensile force. These opti :aily contacted flats will then be 
pulled apart in a tensile testing machine and the force per unit area needed 
to defeat the Casimir force will be noted. These two piece tensile bars 
should be reusable many times. This should provide a rough measure of 
the true, usable, Casimir force beyond the extreme limits posed by the 
“Planck cut-off*’ wavelength. At least these experiments should provide a 
few points in the proposed X-ray transparency region where the Casimir 
force vs. distance curve should flatten o Jt Several possible variations 
using these two piece tensile bars are proposed that might shed some 
additional light on the proposed X-ray limit suggested in this paper. 

CJeorge F. Erickson - .lune 27,1997 
Los Alamos National Laboratory 
P.O. Box 1663 - MS / G770 
Los Alamos, New Mexico 87544 
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Ncgaivc matter is a hypothetical form trf matter with negative rest mass, inertial mass and gravitational mass. It is 
not antimatier. if n^ative matter coiAJ be orilected in macroscopic amounts, its negative inotiai |»operty could be 
used to make an continuously operating pioptrision system which requires neither energy nor reaction mass, yet still 
violates no laws of physics. NegaUve nuttier has never been observed, but its existence is not forbidden by the laws 
of physics. Wc propose that NASA suppwt an extension to at ongoing Ktrophysical obKrvational rffoit 
Costa, et al. (19%) which could pmsibly determine whetttcr m not negative mater exists in the well-documented 
hut little-understood inic^alactic voids. 


NEGATIVE MATTER: 

Negative matter is a hypothetical ftam oi matter with negsttivc rest mass, inertial mass and graviiatkinai mass. It is 
not antim^ter, whidi has positive rest mass and inertial mass. Negative matter hse never been observed, but. as I 
disclosed in great detail in a previous pa^ (Forward 1990), its existence is not forbidden by any of the known laws 
(rf physics. Negative nuttter gravitationally repels both positive and negative matter. Thus, clouds of uncharged 
negative matter will not gravitationally clump to form stars and galaxies, but will (hsperse into empty space. 

Becuisc of the negative inetti^ nuiss of negative matto', negative matter panides of opposite charge repel each 
other. Thus, a negstti vc matter 'electron* will not be pitted into a circular orbit around a negmive msttter 'proton*, 
bitt will be repelled into a hyperbdic oibiL As a result, clouds of negative nmter ions will not even form into 
standard atoms. In contrast, nef^ve matter peutkies with the same divge are attracted to each other. Depending 
upon the types of quantum mechanical restrictions that apply, this could lead to the formation of highly charged 
"bags" of quarks with exotic properties (Forws«11992). 

if negative matter could be coliccted in macroscofxc amounts, its negative inertial property could be used to make m 
continuously operating propulsion system that requiies neither energy nor reaction mass (Forward 1990) and which 
vidates no laws of physics including the tinstein Geneiai llieory of Relativity (Bondi 1957). 

EVIDENCE FOR EXISTENCE OF NEGATIVE MATTER; 

(f negative matter is not forbidden by the taws of physics, then where is it? There exist clues that may point to one 
place v*bere negative matter can be found-in the intc^actic voids. The dues were already strong in 1990 (sec 
Forward 1990. especially pages 55 and .56), while a recent paper by da Costa, et al. (19%) makes the clues even 
stronger. Detailed discussions of the intergalactic voids can be found in dc Lapparent. ct al. (1986) showing the 
"foam-like" structure found in large scale three-dimensional "maps* of the universe. I he "hubbies" or "voids* in this 
"foam" are 100 million lightyears acr<»s,s (our Milky Way galaxy is a mere 0,06 million lighlyears across). The 
v(rids arc sharfdy defined by a large number of galaxies ri rimble 1987) that seem to lie on the surface of the bubbles. 
There are almost no galaxies in the vdds. and those galaxies found there arc very unusual, characterized by strong, 
high-excitation emission spectra. 
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In a fwevisws (s^r thsmard i anexpianaticm Uw this " >olh>“ stm-tuft <»! (he univeRc I hc 

propoivjl ^a;. lha* tiw univem was iniuaiiy ft>nned oot iKKhing, wit( equal amouitts <*f neptivc ntatier and 
pc«nivr inaticr n bis has the race feature that the net mass of the untv :fsc is utm.) I he regiors of the eariv 
universe that startal out with a excess of negative matter ate m>v tte regions comaining the voids. The vtMds 
are full negative matter particles trying to keep as far away from eac t other as pivssiNe, meanwhile pushing the 
positive matter particles to the surface of the voicb where they giaviiationatly attraci each irtlier to form gidaxies and 
Uars. One way to test this hypidhcsis is u» measure the effects id the g avity force gentled by these voids on the 
visiWe matter nearfey to six if the gravity forte is positive, rero, or ncf alive 

-WEIGBING*’ THE NEARBY UNIVERSE: 

A maH« density ma^ the nearby universe (see Kgure I) ha*. fWsenUv been published by da t itsia ct al * !9%i 
fhe density map w^ gencrauxl from a three-dimensional map of the "pxruliar* velocity of some 130b mdivichial field 
gralaxics and 500 galaxies in clusters The distances and pccidiar vd<x,i ies of csich galaxy were obtained from a 
comNniUion of radial lAippler redshift measurements anddtstsuKX estin ales (presumably based on hri^itncss 
estimated f n>m the galaxy lypei. adptsted to give a self-consistent velia ity flow panem 






Hg i ■ Mailer density in the supcrg.il.ictic plane with density contour intervals of 6«4>,2, .Surface density map with 
height proportif»na! to h shtmrng compact poduve ovcrden.siiy refiorr and sf^rwda! negative umierdensiU regions, 


1 be matter densiiy map includes the density cuntributions of both the visible matter (the gaiasies) and any unseen 
dark matter. The gravity forces due to the candidate matter density distribution arc calculated. The gravity forces are 
then used to generate estimates for the velocities of the visible matter galaxies subjected to those gravity forces. I'hc 
matter density map is then readjusted until a scif-conastem solution is achieved. The resultant matter density map 
shows some interesting features; (a) The matter density map is characterized by positive matter overdensities which 
arc compact and negative matter underdensities which arc large in volume, have a roughly splwrical shape, and have a 
high negative underdensity contrast (b) The spheroidal voids have non-trivial negative density contrasts rcaciang 
6—0.6, which are ccanparable in magnitude to the more compact positive density contrasts which reach 6-+1.2. 

(c) Comparison with redshift maps suggests that the visible galaxies delineate real ( very low matter density) voids 
in the matter distribution, rather than merely less luminous regions with normal matter density. These voids are 
sepwated by moderately low-density structures which corresptmd to the filamentary and watl-like structures observed 
in the galaxy disuibuiion (da Costa, et al. 19%). 

Although the matter density variations of the voith have been assigned negative values in Pig. I. that does not mean 
the voids contain negative matter. The velocity field predictions would be the same if the matter density map had a 
constant value of matter density' added ti> each point. This backgniuiKf matter density would only be obscn-ablc in 
the velocity flow pattern of a much larger sample of the universe. 

PROPOSED OBSERVATIONAL SEARCH FOR NEGATIVE MATTER: 

It IS proposed thal NASA support an extension trf the presem program of da Costa, et al. (19%) to produce a larger, 
coarser, matter density map which includes ttear its center the region coveted by Figure I. This coarse m^ter density 
map .should give an value for the total mass of a regiim containing one or more vrads. Once this "background* 
nuater density of the region is known, then using the mote detailed distribution of Fig. 1, it should be possible to 
estimate the "abscrfuie" matter density in the voids by subtracting the 6—0.6 value of the voids from the coarse 
estimate of the positive hackgrcHind matter ifcnsity. It is fully expected that the value finally obtained will be 
positive, althou^ close to zero. If. however, a void is determined to have a significant negative matter density, then 
either there is negative matter in tlie voids, or there is a large underlying positive uniform matter density to the 
universe that is unobservable using peculiar velocity flow field maps. Fithcr result is scienlificaHy significant. 
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Abstract 


/■ i/3 


Although the qMcetime metric associated with gravitation can be distorted somewhat by 
electromagnetic influences (such as magnetic &dds of stupeirious strength) there is no strong 
interaction or coujding between ordinary electromagnetic (em) fields and those of gravitation because 
diey are of a diffia^ essence and form. But if die fields assodated with ordinary em radiation could 
be endowed with an essence and form amiiar to that whidt underlies gravitation, a much stronger 
colliding or ktteraction iright be accomplished for propulsive use. This paper describes several ways 
of creating spedally conditioned em radiation and, several ways that the fields associated with such 
radiation might interact with those associated with gravity or the vacuum’s zero-point state. 


Space seems inert and empty but quantum field theory and stochastic electrodynamics views it as 
possessing vigor and vitality over scales of time and space that are too short for the material senses 
to perceive. A major ccmtnbutor to such vi^ and vitaky are “zero point” energy (ZPE) fluctuations 
~ innumerable dectromagnetic energy pulsations of varying wavelength aiul fi'equency which 
manifest the wiergetics of the so called “vacuum electromagnetic zero-point field” (ZPF). 
Distributions of individual ZPE fluctuations are isotopic throughout undisturbed space and the 
spectral energy density of the ZPF is Lorentz invariant. Thus, the ZPF acts uniformly over bodies 
moving at constant sp<^ causing no net force. But the 7SV is not isotopic and Lorentz invariant 
in the accelerated fi-ames of accelerating bodies, and Haisch, Rueda and Puthoff (1) have proposed 
that the inertia of bodies might be a consequence of spectral distortion of the ZPF in inertial fmmes 
of acederating bodies and of a resisting em Lorentz force acting upon the bodies that arises from such 
distortion. One observed ZPF distortion is the Casimir force. Here, two parallel conducting plates 
placed closely together can be viewed as, either excluding ZPE fluctuations of longer wavelength 
from the region between tlK plates, or lowering their fluctuation fiequency. Inward pushing forces, 
therefore, act upon the plates. In (2) Milonni associates a “radiation pressure” with each ZPE 
fluctuation, and views the Casimir force as caused by diminished radiation pressures associated with 
fewer (or lower frequency) ZPE fluctuations between the plates. And Schaiinhorst (3) calculates that 
the velocity of light in such a region of reduced ZPE fluctuation density should be greater than light 
velocity in vacuo (unconfined space). 

General Relativity allows gravitation to be described in terms of a “spacetime metric” which is 
associated with all cosmic distributions of matter throughout all time and space And if Einstein’s 
Correspondence Principle (which equates “gravitational” and “inertial” mass) is valid, perturbation 
of spacetime metric within a given region should not only change gravitational influences within the 
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perturbed region - but the inertias of masses as well. Altiough no means ha\ e yet been found for 
perturbing gravity or the spacetime metric associated with it for propulsive use, Alcubierre (4) has 
^wn a solution to the equations of General Relativity that allows devdopment of enormous flight 
speed if an accelerating vehicle can “warp** spacetime metric. Expansion of the spacetime metnc 
bdiind the ship “pushes” it in the desired dire^on, while ctmtraction of spacetime metric ahead of 
it adds to impulsion by “pulling” the ship where h wants to go. Spacetime metric throughout the ship 
is warped imo a “flat” configuration in this idealized example. Gravitational influences and inotia 
are, thus, zao widun the ship and it undergoes unlabored motion while rapidly accelerating to (and 
deederatifts fitxn) speeds that can be enormous respect to earfli. Alctdrierre points out that sucli 
fiivoiable i^racetime warping would require n^ative energy dmisities in the vicinity of the ship. And 
negative energy densities could be associated with reduced ZPE ftictuation energy density - sudi 
as that existing between two closely spaced Casimir plates. 

Gauge Field Symmetry and Form 

Millis (S) notes that dectromagnetism is a logical choice for creating an acceleratiomindudr^ force, 
in that it is related in some d^ree to ^racetime and gravity and is a technology in i^ch we are fiuriy 
proficient. And Holt (6) has propost^ the possibility generating coherent patterns of em energy 
to accomplish field interactions that reduce or amplify gravitation in the vicinity of a hovering or 
moving fhip. Unfortunately, patterns of ordinary cm oiergy do not appear to interact intimately 
enough with gravitation, for although the spacetime metric associate with gravitation can be 
distorted somewhat by em influences (such as magnetic fields of ^poidous drength) enormous 
levels of ordinary em energy appear to be required for such distortion. And this may be because the 
fields that und^e gravitation and ordinary dectromagnd sm are of different essence and form. 

In this respect, the behavior of all matter and radiation can be desenbed in terms of “gauge” fields, 
with the sources of sudi fields being conserved quantities. If the essence of the generated gauge field 
is different fiom the essence of its source, the field is “abditn”. If the essence of the generated field 
and its source are identical, the field is “nonabelian”. Noiiahelian fields are, therefore, sometimes 
viewed as being gmerated by themselves. Gaug^ fields that describe ordiruuy em radiation and 
electrical attraction and repulsion of electrons and protons within atoms and molecules are abelian; 
while nonabelian field;, are associated with processes such as weak and strong interactions within 
atomic nuclei. Ihe more intricate configurations of nonabelian fields result in higher internal 
symmetries, with the Abelian fields associated with ordinary- em radiation being of leiatively modest 
U(l) symmetiy, while the nonabdian fidds assodated with weak and strong interactions within nucld 
being of SU(2) and SU(3) symmetry respectivdy. 

If a nonabelian field underlies gravitation - as suggested by field theorists such ac Yai:g (7) - 
significant interaction between nonabelian gravitational fields and Abelian dectromagnetic fields is 
not likely But one of us (Barrett) has shown the possibilit;/ of transforming ordinary em fidds into 
specially conditioned em fields of nonabelian form and higher symmetry (8). And j postulaies the 
possibili^” J such fields coupling globally with the nonab< lian gauge fields that My be associated 
with spacetime/gravitation through a quantity that may be common to each - the “A vector 
potential ” 

Does the ZPF Include a Nonabelian Field ? 



The preponderance of current scientific opirjo.t is that gravity is one of 4 fiindamoital forces of 
nature investigators such as Sakharov and PuthofiT (9) contend that gravity is not a firndamental 
force' but one that arises from the continujd em interplay between aU the charged particles of the 
universe and alt the 2PE fluctuations of the ZPF. Here, the ZPF is uaially describ^ as a random 
ebctromagnetic field that is not intrinsically different frcum mher dectromagnetic fields - especially 
when in its isotopic, Lorentz invariant configuration. The ZPF in such a configuration can therefore 
be considered an abelian field of U( 1) symmetry. But if a nonabdian fidd underlies gravitation (as 
proposed by Yang) and gravitation is a consequence of the ZPF (as proposed by Sakharov and 
PuthoS) the ZPF, Hsdf^ could conceivably contain a noiubeitan component of higher symmetry than 
U( 1). And pertaps such a nonabdian fidd component would be manifested in accderated frames ~ 
whore ^)ec^ distortion cf the occurs. If so, there is the possibility of the inertia of accelerated 

matter be;ng a consequence of both abdian and nonabelian gauge field imeractions - with these 
interactions > - as suggested by' (1) be<i% associated v^; (a) the chaiged substructure of accderated 
matter, and (b) the spectrally distorted ZPF in the matter’s accderat«l fi^e. 


Or dinary and SoeciaHv Conditioned EM Radiation 

Although even the most complex coTi^!TU*tions of frequency and amplitude modulation do not 
iransfi%m wrhittty em Adds into nonabdian Adds of higl^ symmetry, (8) and (10) show that such 
a ti ansformaticn can be accompL-shed by modulating the polarization of «n wave otergy radiated 
fr<»n antennas or apertures of RF or lasa- transmitiers, or by tuning the firequcncy or wavelength of 
em wtvdbrms to the tort^daJ geonKtries thru whid) the cause of the waveforms — alternating current 
- moves. These two methods increase em fidd synuiwtiy from U(l) to SUC’.) and results in 
nond}diaii ga;^ fidds with ability to couple globally with fidds of similar form through the action 
of sometlwg that may be common to each — the A vector potential Thus, if nonabelian gauge fidd 
configurations with SU(2> components are associated vwth gravitation or the ZPF, there shemid be 
a po^Ssiity tor modifyLig gravitatiotia! or 7PF influences wthin ^>eciany conditioned beams of «a 
radiation 
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Figure 1 - Electromagnetic Radiation Companson 


The propagatii^ ^)eed (c) of electromagnetic di^urbances within a given region of onpty space is 
detenraned by the electrical pennittivity and magnetic penneidiiiity of the vacwim through whi^ they 
move, and throughout that r^ion since ordinary em fields do not intimately iitteract with spa<»time 
metric, dectrical permittivity, magnetic perroei^ility, ani the speed of 1^ in vacuo remain 
unchanged. Wave fironts within ordinary em beams therefore propagate as planar or s|rfierkai 
disturbances at constant c. as shown in Figure 1. However, if polarization modulated on beaim 
intoact with sfaoetime metric, permittivity, permeabdhy and tvave front qieed wui changed witl^ 
specially conditkmed em beams - and the em wave fronts will propagate as non-punar or non- 
sphoical disturbances at variable c within the beams. 

Eigianflcd Magvefl Eouatons for Spedallv Conditioned Em Radiation 

Ordinary em emanations are solutions to MaxweU’s equations. But the U(I) fieki syimnetry 
associated with them is lower than the SU(2) symmetry cf specially crmdhtoned em emanations. 
Ekctromagnetic emanations of SU(2) frdd symmetry must, therefore, be sohiritms to Maxwell 
equations more eqianded and synunttrical fbrm. Barrett (8) tias derived such expanded Maxwdl 
equatxms, which are shown in F^ure 2. Maxwdl ecpiations of more expanded and symmetrical form 
require addmonal terms that make the equatkxB more symmetrical with respect to Metric aixi 
m^netic ph e nomenon. These additional terms invdve the coupling of dectric and magnetic fiehfe 
throu^ the action of the A vector potential. And because the dot and cross products within die 
terms that include the A vector poteimal obey the commutztion refamons of nmubefian a^ebra and 
quantum mechanics, they are never equal to zoo if SU(2) phenomena are present The additkmal 
terms associated with spedaDy condifioned em rarhation are ssea to be mohif^ied by the mathematical 
quantity (i). Viewing i as an operator that nnates quantiti^ 90 degrees with respect to two other 
coordinate directioris (tether than as the square root of miims 1.0) enables actions involving A vector 
potentiais to be visualized as occurring in directkms tHthogonal to those in wtach mdinary em field 
disturbances move. Tlxis, specially conditioned etn radiatiem involves actions that unfold upon our 
fiuniliar spacetime plane existence and also, actions that take place in mthogonal directions as well. 
And it is speculated that such orthogonal action (which would be invisible to ordinary observation) 
is that which could conceivably warp spaewime metric or cause spectral distortion within the ZPF. 
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Figure 2 - Maxwell Equatkms 








Creation of PoigttJMtioo Modulat^i EM Radiatic; 


A means of creatii^ polahzation modulated em radiation of SU(2) symm^ry and nonabeiian fonn 
is described by Barrett in (8) and shown in Figure 3. Ordinary input em v/ave energy is seen to be 
divided into three fractions One fraction is orthogonally p^ariziKi (has its polarity rotated 90 
d^rees) and phase modulated Another fraction is expended in accomplishing the phase modulation 
of the polarization rotated wave energy. Tl» ranaimi^ fraction of tlw input wave energy is tnen 
comb in ed with that the polarized and i^iase mothilated wave energy at a ''mixer”, and emissiem of 
spedaBy conditioned em radiation with continually varying polarization with respect to time results 
If a fiaaion of input wave energy- (beyond that dissipated by dmiit resistance and reactance) is 
expended m aocorapiding phase modulatioa, the electric aiaf magnetic field intensity- associated with 
polarization modulated radiation can be less than for mdinary em radiation for a given input power 
But energy conservation requires that expended oiergy not truly vanish, but be transformed into 
another form. And one possibility would be increased A vector potential field intendty within the 
emitted raefiatioa If so, significaiit polarization moduiaikxi could significantly diminish electric and 
magnetic fidd imensity while inCTeasing A vector potential imensity for coupling with the A vector 
fidds that may be associated with ^>acdime metric or gravitation. 



Figures- PolvizatkmModuladon 


Figure 4 shows pafris traced out by the “arrow" of the dectric fidd vector of polarization modulated 
radar or laser radiation after the emitted radiation has fftvded 50 and 500 wave lengths from the 
emitter A (diase modulation frequency that is 0.1 the frecpiency of the input waveform is used in this 
example. It is not obvious what portions of the em spectrum are most appropriate for interaaing 
with spacetime metiic/gravitation or the ZPF by means of polarization modulated radiation. Nor is 
it known what d^ee of polarization modulation would maximize the interaction For a given input 
power, polarization modulated radiation can, of course, be focused into em beams with the narrowest 
width and highest intensity with laser systems, while the broader beamwidths of radar/RF systems 
enable a greater volume of space to be affected Polarization modulation of both laser and radar 
systems is therefore being explored, and increasing amounts of modulation - up to the highest 
achievable with modified hardware -- investigated. 



After so Wavtieaftfef 


After SOOWavdeaStks 
Figure 4 - Poiarizition Modulatkm 


V w tpr P ptCTtlaiJVovt Fattontf 

^jecUlyconditkiiied cm fiddswI^coRSKt almost enttrd) of A vectw potoidal wave patterns can 
also be created, as described ki (10), by flow of ahematJ^ current through a toroid with sii^ 
windings. The resuhii^ magnetic and dectik fields to nut extend significantly outside the toixiid, 
but its geometry and the alternating current flow (M'orhKxs overi^rping A vector potential patterns 
wtich extend outward fi^om the toroid over significant distances - - as shown in Figure S. Hie over 
lapping patterns combine into ‘‘phase fiictor^ waves which rqnesent disturbances in A vector 
potential. The pattern of these disturbances ~ as shown in Figure 6 ~ become almost spherical in 
shi^ie at distant^ from the toroid of the order of its diameter or greater. At the present time, it is 
not known whether die i^iase factor waves are standing waves or waves that propagate at non-zero 
speed. 






The mawmuni disturbance in A vector poietiiiaJ occurs as phase factor -Aave mwnsitv peaks ai the 
various resonant frequencies • - where A vaaor potential patterns are exaaly out-of*phasc Resonant 
frequencies for toroids wiih single windings CKcur in the RFl1^!icrowave range, being determined by 
toroid geometry and propagating speed of the altemating awrcni Fipre 6 shows that such 
resonances occur at different ac current frequencies for a given toroid gfjomelry and current speed 
And interactions with spacetime metric''grasita«on or the ZPF would be expected to be the most 
intense at the various resonant frequencies (if an A vwttor potential licld underlies the essence of 
gravitation:: or the ZPF) 

El.«lilc§LP^m.Me£rii 

It would be desirable that specklly conditioned etn beams used in operational field propulsion systems 
not require Significantly greater electncaJ power than ihat required by powerfij! radar and laser 
systems in use or under development for military aircraft today But although significant electrical 
power is &e{y to be required for generation of s|«3alJy conditioned em radiation, such power would 
be invested primartiy in creation of intense A vector potential disturbances -- not irs generation of 
imensc ekcuX and rmgriettc fields More ads Meed field propulsion systems that could interact more 
strongly with grasin* or tiw.* vaojum's zero-poins state could require greater power than is achieva^-^e 
for aif fughi or spaceflight tCNjas Such power levels would have to be supplied by svsiems cf 
estrcmcly high energy density 

One example t>f thss type of system might be the ancufronic hision clecinc spacecraft ptiwer svsiem 
propfrtfd bv Buvsard till which enao* no neutrons and causes no radtoactivfty A mc^te speculative 
possd’ihty w-ould be exiractiort of electrical enegy for powef ftim the vacuum of space it>eir for 
if fa‘''''r3ble svarpintii of spaceiimr metric rs associated with regions of negative ertergs denstr. in the 
vicir.!!;, c’Tan acceleraiing ship t-i) and if diminished 7 PI-. wmuld he associated with ^r.ch negative 
energy densm. regions, one could visualize such IPE diminishment as bew.g 3 consequence of 
siic.,»>'.fu! /Id- extraclior. fim shipf’oard poverr use 

Methods for Dct celmg ( /ravi iaticmal Changey within sp ecial ly Cc>ndit.oncd TN!,Beano. 


Specially conditioned em beams would be very attractive if they would require no more electrical 
power than high power aiii>ome radar and laser system in use or in development today, ^t such 
power levds are much more than that likely to be availabir for initial laboratory proof-of-prindple 
tests. Thus, th«e is the challenge of detecting relathrdy small gravitational or ZPF changes within 
qiedally conditioned em beams generated by oidy modest unounts of electrical power One means 
of detecting small gravitational or ZPF clianges widm such beams would be measuring slight changes 
in weights ofofcyects bathed by LV.radittion. or slight changes in forces acting upon them. Anotha* 
would be use of pendulums cr clocks to detect sli^t temporal chaises due to perturbation of 
spacetime metric or ite ZPF. A third method would be use of a sensim-e Sagnac Imerferorneter - - 
which is similar to ring laser gyros used to detect inertial changes due to acceimtticn For Barrett 
(12) has shown that A vector potential field changes associated with gravitation changes can be 
sensed by a Sagnac Interlerometer. Thus any change in A vretor potemial and gravitation caused by 
a coupling with ^pedaOy conditioned em radiation should be detectable by such a device 


Ordiiury on radiation c&r he conditirmed with the same £eid essoice and form as that which may 
underlie gravity/spacoiim^ metriw or the ZPF. And it may be able to couple propulsively with 
gravity/spacetime metric or the ZPF throu^ the action of something that may be common to cadi - 
the A vector potoitial. The efficacy of ^ledally conditic ned em radiation in accomplishii^ field 
propulsion depends upon the undolyii^ essence and betia.-ka- of gravity, spacetime metric and the 
ZPF — none of adach is yet cotigitody understood. But in the meantime, the projKitsive potential of 
such radiation can be iiwxpoisively proved or dis-proved experimentally by testing existing radar, 
laser and electrical systems modified for the generation of such radiation 


Sncciallv Cowiitioeiid EM RjKiiation by : 

superposition of ortbogesatty poiarizoi em waveforms of different 
frequency (polarization modulation of laser or radar beams) 
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superposition of cm waveforms caused by alternating current in 
toroidal shapes famplified A vector potential at resonant frequencies) 
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Nuclear Isomer Decay* 

A Possibility for Breakthrough Space Propulsion 

Dr. Uri Gat, Oak Ridge National Laboratory 
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ABSTRACT 

A txtvel propulsion system for deep space missions that utilizes accelerated decay of nuclear isomers via 
induced gamma emission is prqwsed. The propulsion is accomplished by ejection of gamma particles resulting 
from controlled nuclear isomeric decay. Tte specific impulse per unit mass is ctunparable with that of 
chemical-thermal sources, however, the specific energy comparison on the same basis is about five orders of 
magnitude higher. It is expected that the nuclear isomen can be recharged while in space by gamma rays to 
•pump-up* the isomers. A prime candidate for this application is the isotope Hf-178. The nuclear isomeric 
transition is a transition of an excited nucleus to its ground state by release of energy as gamma particles. The 
acceleratut nuclear decay is accomplished by further exciting the isomer so that the degree of forbiddenness of 
transition to the ground slate is reduced and occurs rapidly. 

The recharging is done by supplying energy in quantities that recreate the decay inhibited state. The 
rcchargcability of the isomers in space makes accelerated nuclear decay attractive for long sjwce missions. It 
may be possible to collect gamma rays while traveling in space to recharge the isomers. Further, it is possible 
that with controlled releases, the non-prc^ulsion energy requirements of (he spacecraft can also be met. 
Onboard power could be provided throu^ the controlled release of gamma rays (i.e., photons) wdiich can be 
converted to electricity via photoelectric or odier effect. On long trips, gathered energy from space can be used 
for continunl acceleration for about the first half of the trip and then for deceleration for the remaining half of 
the trip. The photons momentum provides the propulsion momentum. This ctmeept is akin to the early light- 
sail (i e., photon pressure propulsion) ctuicepts as proposed, for example, by Dr. Robert L. Forward in the 
1970s, and earlier by others. 

The major initial develq>iiffint areas proposed are; verification and confirmation of the principles; establish 
theory and develop physical control; quantitative control of energy and imimise release; direction and 
collhiiation of the release; development of the recharge (“pump-up*) mechanism of the isomers and the 
controlled triggering of releasc(s): concept definition of applications as propulsion; and as an onboard energy 
storage and generation source. 
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Physics Principh 
HIT - Hot Isomeric Transition 


The principle; 

Decrease inhibition to transition by supplying senne of the inhibiting quantum values, titis'ng the level to a point 
whence it Oecays readily, releasing a large amount of energy. 


CANDY 
c DECAYS 


Energetic photons trigger decay of heavy nuclides, displaying *g ant resonances,* that result in their accelerated 
decay. 

The energetic photons are supplied by bremsstrahlung which triggers forward scattered energetic photons. 

The a decays not be suitable for propulsion, and may not be ren-iwable. 

& DECAYS 

kcMopes that display P-decay may be triggered by electromagnetic fields. The p decays are expected to be 
energy efficient. They may not be renewable, and there is no known focusing medianism. They may be useful 
for reserve energy or as an interim step. However, it may be required as a developmental interim stq> to assist 
understanding and cteveiopment. 


y DECAYS - ISOMER DE < :AY (HTR 

The Y decays are the subject of this paper. They are expected to be useful for deep space propulsion. The y 
decays fulfill the goals of deep space propulsion; 

No propellant. 

Rechargeable, thus facilitating long missions and high sjieeds, 

In addition, they can suf^ly the onboard power needs. 



Propulsion and Energy 


Momentum of photons vs mass propulsion; 

Assuming i mole of 100 amu isomer with a 1 MeV gamma emission one gets; 
p = Nxhv/C - NaE/C = 6.0 X X 1 X 1.6 X i0 'V(3 x 1(P) = 320 kg m/s 

Assuming 1 mole of 100 amu molecule expelled at 1 km/s one gets; 
p = m V = O.l X 10^ = 100 kg m/s 

Efficiencies and losses are not accounted for. 

Energy to mass ratio 

1 mole of 100 amu isomer with a 1 MeV gamma emission represents; 

E/m = Na hv/m = 6.0 x x 1 x 1.6 x JO 'VO.I = 1 x 10'^ J/kg = 1 TJ/kg. 

1 mole of 100 amu molecule of 40 MJ/kg (10 kcal/g) represents: 

E/m - 0.1 X 40 X lOVO.l = 40 x 10* J/kg = 40 MJ/kg 

p - impulse; Na - Avogadros Number; h - Planck Constant; C - Speed of light; E - energy; m - Mass; 
V - velocity. 



Energy Comparison 





Base Information 

MeV/fatomic reaction) 

keV/(nu€!eon) 

TJ/kg 

TJ/moI 

Fuskm 

T + D -» He + n 
17.6 MeV 

20 

4000 

400 

2 

Fission 

200 MeV/(fission) 

200 

1000 

100 

20 

Radioactive 

decay 

2 MeV (Y) 

2 

10 

1 

0.2 

Chemical 

reaction 

C + Oi -* COj 

94 kcal/mol 

4 X 10* 

0.4 X 10 ’ 

40 X 10 * 

0.5 X 10-* 
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CANDY Uncertaintfei 


The feasibility of the basic accelerating decay possibility is confirmed. However the controllability of the discharge is 
not established. 

The efTiciency and completeness of the discharge must be established. 

TTie ability to recharge (reestablish the isomer sutes) must be established. 

TTie efficiency of recharging is not known. Also it is not known if the e are parasitic side effects or awy unknown 
losses or attritions. 

Quantitative evaluations have not been done and are needed. 

There is need to develop effective ways of isomer separations. 

The focusing and directing of the discharges need to be estoblished. 

Efficient energy transformations methods must be develqied for the storage and for the retrieval. 

CANDY Deveioimirut 

Initially there is need for the verification and confirmation of the associated nnenomena: 

Establish a theory 

Confirm empirically the phenomena 

• measure the “giant cross sections” 

• measure the accelerated beta decay by electromagnet c fields. 

Ihere is need to select and test suitable isomer candidates. 

Quaniiiaiive analyses and conceptual designs mast be done. 

Isomer separation and coll«:tion must be established. 


CANDY 
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ABSTRACT: 


I 


C<ma^lSke vismes wiwse, eoMiK IkMtIt* Deq? Fi«k! and itsk kw jgtKk sn enarnxous dioancc 
■i^bccTOMsd, ta«ttE*a«3kwma«i««Br^toc®WB*|ri.^ 3pocdsto»Tsol»«« aBtoixeffiB^ 
tn&itoe Swp kMdt a mnmoni ftram curing ihc smiwersc to crassinf; a 10 meter ikwmcty Oe an ssparaiiaR; kf 
ntfwi te s3imeM^ cast otm tie 19 tnosrs k te dm Mt nwtu MrarMsfe? Sudb m osperikiaM. w>i«iil^ 1% a 
pisarwr «* tt«issr e®»t tot o-jitcmffates csross* hgh: ycari and ctiutd hjf^didl^’ he accomplistef 
irttott tihe eipcrafiMwes tif warg^ dtk are inMiciatnd 'UMith tydh sd:us»&. it is to furptM uf dtb 
ppj I© pmm *»ils rft pfi^p«Bi aportooil«»’Wiasler-F-ytman Atsorher tore> uthkh has as it’s ohisiait 
$m to peri'iM^Ke rf wsii t d«wMra».». 

IBmi«lll€TION: 


R ts ■ teftol prcrww to MpettoMMauil qwce f»vrt 

mm canen^mg w«cs i»iht yam <m tpKitly csi«Matar» oMfiao® siwacfe. losteialJy 

a«c«viW£ si^toitTns ed^ for artw! it> fwarf^- aars te »e coBjpat^e wsto aw a» vmkoal wta-Jtowteg ©f 
makjm f*y»cs hjr dimwx» d f^toafc froftatfewss to «t»e and ema^' r«iiiiemt»w toajBK •wag'ly fefxwt- 
ftte. Even radin owMBaBkatiaB k rdbced i© t*ic toais i«« to f* —— - -* ™-——— - ■-—~| 

wifetenicss wte rtssid oip ww! l»«s cxw '*mg vim to saiilcmak. j I 

As wc osnlimwe »© investigate sosci mcsL s df immudlM Mvcl m4 j I 

wmTOuwkatMms « iv impBmnt to fcf««»i«r that to lightest pq^mil 
k all IS mtfxmmim and to* a dOBOBeWatioo rfcaBaffl[imicaai<»i 

to mm nf tanc vwutd he a dgnifiam md logikai |»«wMr 
t;> any ftaiBt k apsThimtaal ^atx travel. 

WltotorT'fpwri»» AlwwrtRf nte^my 

Whedar md ^<cfimm to If45 aamg un a <iug;gi::^tion mtide try | 

lOErodr; to if22 tkvclqpcd vtot is umunanK' referred to today as | 

"Ahstjfha to wfeidh halt'Sdv'anced fields itrij^eting witit tot '* 

kwhe? Mt resp«»is}fcle tor to ratodiavc reaaton k to sews*, tlife j iMmf> , :. 

q^vmii is imwally ume syrarcirtc and rqttoocs to mfnsMim to ! * ' 

emiiaJity Gmsiraws on to mAtoe to" mm cfastor. with ’... —~——.» 

btwodiiry vm&kfas m to tosdHst psa md fuoare. Wheeka and I'lpire I I Haj^aras showing to 
FeytKKw introtoced stoeeber tfecery to to c»«»U*t to eiiBiSkaJ jwtostroentai irflerence howcoi 

cteetrodynauiics, b»a later auihcri extended the coocqp*s to 1 Eac ffansito-d to*erpretaom of QtLi smtl 

^metric «{uantwn eloarodynaHtics. figure i tUusarates to diSeroit Craincr s nansaakKtai intepreutioti 
vn-wpotitts hetween the coiivmtional v!ev?p.i4j« ofQCD md to 

Wto^*’‘eynmirs view, in to amvenuoititi tow, enlMioit md idasaepim ars tsolaaed evoits to whteft <|iMstum 
states oats or ahsorb retarded pbottxvs m cxchwgc with a field. Ltwa 11980. i986t iatroduixd to idea of & 
mKXimvi^it transaetisr, ptvtxss townimp a WhcclerTrynto® otdwife to advmosd and retarded waves.,. 




C^CT stresK,^ ^ tncsKtiooal ieterpretackn of q& ntun me iuntes u a new way of tbiidcaig about 

quanbmi media^ics rather than a thon>' 


PKFViOUS EXPERIMENTAL TESTS OF ABSORBER THEORY: 


jdaudl tad ^'^wBUla (!9il0) {wfonced an ot p er i mo M that ww ntewled to deiea advanced radiMiian froB a 
puhied mkjowave .«Q9nx. A receiving jDKBna gMed ai t»^/c bilol to dcaect any radiatkai withara.ioof|w«wr 
raxjved at to powix received at i^/c <10^“ Figwe 2 show* a 
scfocratk tifiVE diagram of the oqtenment bi light of 

Clrataer's tr^3sacxi*nBal ntcrprctatioD h is rtadUy appa rent why no 
signal is' <«ived ft t^>rA. Befm the aeissioB event at the transait- 
ter. anvaiK^'! ^w> rettrd^ waves are predsety out of phase, 
icstth'sg V s carjdtaxioo of any radbiion pr¥.T to the esiissMO 
eveoL 

The jtr op aae d cxpcfbacM aTBrnn cad PfeK 

Herat and Pegg ( !974> propixed an cxperincflt anted tte the detec¬ 
tion cf advstoed radiatian. The gcoeni outHnes of Oe ctipersDcm 
are stMMm hi Sgwe IbiscxpcriEieMcoaiamsetxraiafdte 
dcctents present in the experii^t proposed in this st^to- indudln}'. 
the idea that aooc'■on of power atcasaowai of tbcrvhaoai 
leavhtg the source is retpiircd. There arc two aspects of the Ho on 
and Pegg experimait vAkh « fistdantcntally difierem froei the 
eaperimens proposed here. OnedifieroxcciiesiBaaaBpURgto 
nfluoiix the cmissksi rate by varying afasorptiuo at r-<A:. Indtc Fignel. iltusnatk» ofthc 

iransacliaidinterpretatkiutheadvaiicedradiwion&aBfitcihsrti otperimest of Sdtenidt oid Newmwt 
tkn as wcil as the eraisskm have eanrrkd at this point and ncAhi^ 
rcfBains whkh cot iafluoice die osisskvi. TIte laactt ^tvoo at 
t^/c has the potentia] to uiQimbcc the onission at die gated tracs' 
mino, provided that the tnouznina and the remoic absoto' zn: 
slignod in a spatial direction where the prnbahiiity of absorption is 
less dun unity. Heron acd Pegg ^tpear Ui have tud some insight 
into the spBial dependency (d'the cosmic absorptkat fKtor. b« 
missed on proposing to attonpt to measure spatia) depoidericc on 
onissioR rates. (They proposed arksting die transmiaer ahvvhcr 
Itne prrpontbcular to the {riase. of die galaxy.) 

Bennett and aicrsacapic caaaalky viototm 

Betmeu (19B7) devekps a tpiantuin thenretka I oounterpan toibe 
dasskal dteory of elochon ptcacnekntian Byexaminktgamodc 
of a bannoaicalty bound, damped radiatsig charge and rcttinhig 
soiioions that vi^s causality they are able to otaun a beher fit to 
die available proun Compton y:jltering dau dtan any dispo'skn 
theory. One oommeni by Bcmien wbkdi bears repeating here 
ccBfxtrjs spontaneous emission. Bentiea states:’'Spontsieous 
emission only appews tr. us macroscopic, forward -in-time-boimd 
observers as s{iontaocous, since we are not able to onoiroi the 
advanced fiianr Jticractioos with remote pardcies”. f.kc of the 



Figure 3. Schematic ilhstratkm of the 
proposed oqtaiment of Hooo and Pegg 
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Table I. Ccxnparisanofdetectiorsibr probing past versus ftiturelig it cooc 


Detector Type 

. . |l" ■■ 


Biological 

Eye 

Unknown??? 

Intend 

Photo Diode 

LED 

Position#! 


Ptosphorescent Scre^ 

Position #2 

CCD 



Tabkl presents a oam|»risaDofstaBdard''cmiaskiiastroacmydeloctoR and tbccorrespoodiiig deleter ftr 
“absotp^ astrmam/'. TW entry fir Ok biologkal detector is iaduded to Ugbl^t the tet that the type of 
measuremem being'ycrtnaod here docs not have a direct analog vrittiwy of our nonutl senses. Wearesini{dy 
not wffcd to sense evcBis in the fitturc li^t oone. Ihider the headmKofanhMaisitydesecior, a photo diode would 
be a typical example of a conventional detector. Arrivaig photons generate eiectnn-h<de pans generating a small 
potential across die diode leads. In the LED, a fbrmrd biased /mi junction moves holes and dectroasacros die 
g^i which then recombine to emit photons. Whm the photon emissian is suppressed due to tbe lade d^asuhabie 
absorber, recombmadon is inhiliiied and a reverie bias devdops whkh reduces the cunent flowhig throu^i the 
UEO. When designiug an LED detector for this purpose, it is hnportant to minimize ahcmatedhanndsvdiicfastitl 
permit reocmbmaikm (T local tteondNU dm phoiais. 

fellyBCCdS tO bC htciuded aS WCU. 

In inediod #1, a phoaphorescent screen fe {wnqied via tmifera cxpouHt to bright 1^ and plaoed hi the telescope. 
After a period (rftime appr o pri a te to die natmai decay time ofthcph uphorcsc c ncc, the screen is removed torn dK 
telescope and ft's residual positionai intensity recorded. Variations ii die ultaiated>saiptionprobahilfty<ft‘dic 
photons wftfam the tdesco^ field ofvicw manifests fasdfasvarimktis in the rcstdiml intensities on the screen. 
Medtod #2 tdees notice of the predominanoc of CCD detectors in imidcni astr o nomy. A normal CCD detector 
stare with empty cells and accumulates charge with time as pbotoos goicratc cicctron-bolc pairs. For absorptioo 
mtrooomy, the CCD begms with all ofthc cells fiilly charged and ktkage current prorvidcs a pmh for deciron-boie 
recombination and the associated photon emission. 


Controlled carnality vMatien 

If the first experimem is suGcc»fiiI in finding regions 
of spatial oricnoKkn in which photon emission is sir 
pressed from the detectors natural rate, then a 2nd 
experiment is proposed as outlined in Figure 6. The 
region coiuaincd within the dotted tine is essentially 
the inverse tdesoope and detector. Hctc, die inverse 
tdescopc is directed at a remote switdiaUe mirror. 

The mirror is located a distance r from the tdescopc 
which is therefore located at time r/c in the mirrors 
past. The opdmal choice (ft'r and the switching rate 
of the mirror depends largely on the nature of die 
''forbidden’'directians absatplratt characteristics. For 
the experiment to exhibit true causality violation, you 
would like the mirror switching dmc to he less than 
r/c. Similarly, thtreqxmse time ofdic detector should Figure 6. f xperimoilal sett^i for eonlroUed causaUty 
be such that a time less than r/c is suflBcient to produce violatioo. ' he pump md probe lasers represent a 
a significant change in the detector in that time. means of p. ipulating an excited state and monitoring 

Switching between the local absorber and die *iarMd- it’s decay. 


















den" emission dkectiao is miended to generate a signal in the past that manifests itself as a variation in the decay 
rate of the excited states. 


Inatatane— a ciwutealloa 


Figiffc 7 is a modification of the expert* 
ment illustrated in figure 6. Here the 
resivkur of excited states in the past is 
coupled to a nearby transmitter that 
rdays die signal via conventional means 
to a receiver located at a spaoeiike iota- 
val from the signaling mirror. 


SUMMARY: 

Because we have seen vritfa our eyes lor 
diousands of years the night sky, it would 
never occur to us to build a physics 
where the |»st light cone presents to us a 
unifttm emission background for us to 
detect. Lackmg any direct sense of die 
fimvc light cone however has led us to do 

pist that with respect to the fimve. The Figi»e7. A variation of the 2nd experiment it which a relay has 
first experiment omlinod in this papa been added to coabie spacelike comnuDkation. 
challenges the assumpdoo that the future 

absorption probiMlIty for photons is die same independent of direction. Indcpcndem of any ^a consuferations, 
we argue that the experiment diould done for the possiMe insight to be gained for cosmology and quantum 
mechanics. 

The imiverse does not need to have any particular behavior just to suisfy human desires. It is entirely possiMe that 
we might not succeeded in finding any dqicndency upon orientation at any wavelength for spontaneous emission. 
That is still a dau point that model cosmologies have to deal whh. If we do succeed in detecting absorption struc¬ 
ture, w V will have opened up to exploration half of the cosmos that had been previously been hidden. The ffoUo- 
sophical impact of exploring and communicating with the future light cone will be as prdbund as any revolution 
thtt has eva occurred. 
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ABSTRACT 

Did the M-M experimeBt prove there is no aether, or nunely that uniform motion relative to the aether cannot be 
detected? From about 1890 through 1922, this question was of paramount concern to theoretical physicists. Trouton- 
Noblc performed experiments to no avail. The unipolar induction studies of G. P. Pegrain, E. H. Kennard, W. F. G. 
Swann and S. J. Barnett (circa l9(%-22) could have solved the problem but for an unfortunate design flaw in measuring 
the EMF's induced. Had the circuits Barnett used been truly open when he reported the mt^retic field under lest did 
not rotate, presence of the aether would have been confirmed. Einstein nirted, however, that at the instant Barnett took 
data, he had actuated a tiny contactor that closed his circuits and rendered his results inconclusive. On the theoretical 
possibility that the field did rotate and generate an EMF that open circuit testing, if available, would have detected, no 
credible conclusion could be reached. 

The untenable conclusion reached by many was that "there i.s no aether.” Is there in fact no aether? If we are to achieve 
force field propulsion, the answer to this crucial question must he resolved. The tests being propased here offer a 
means of doing so. In the early to mid-50's, sensing an urgent need for a superior alternative to reaction motor 
propulsion, M.N. Kaplan wondered if the aether’s presence could be shown by some means as yet undiscovered. 
Using unipolar dynamos designed to study system torques, he discovered that although a significant moment could be 
eicciromagnetically generated on the rotor, no counter-torque could be made to appear on the rotatably mounted stator. 
The seat of the system counter-torque therefore had to reside in ambient aether space. These studies led to US Patent 
3,390,290, the motorotor, which, when interacting strongly with the aether in torsion, accelerates briskly in rotation. 
The studies also led to the development of "Structured Space Theory,” in which all of the known forces, including 
gravitation and inertia, arc seen to derive from energy density differences in the aether interacting with particle surfaces 
they cannot penetrate. After professor R. D. Eaglcton joined force.s with Kafdan in mid-1978, development of structured 
space theory progressed rapidly. In accordance therewith, force field propuKsion should he achievable by generating 
vectored energy density differences in the aether that i. 'eract .strongly with the nucleons in (he matter being accelerated. 

Aether History in Brief 

For the benefit of those who know nvrthing of the once hypothesized aeiocr or who have been led to believe that no 
aether exists, a brief review is warranted. Before Michclson-Moricy, it was generally believed there was an aether 
medium prcseni.i AUhtiugh little was known of its nature, the records clearly sIhiw 2 that Ampere believed the aether 
composed of positive and negative charges; and Maxwell’s “displacement current hypothesis” clearly suggests partial 
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jlunj,' pidcntid yradien! lines 'Hie ut,!., unie nt (lit* tefehf.tJeii M *,I-K.*ls!in-Mijf k > 
■xd the [itsl seriiws duubi tii the ta'lherV <-xtsten»'t »n he rjis«l Until then tt hat! I'ie.*n gener.dK 
t ihjt epai'e was ftlk*!! v, iih art all -pervasive tnejiom iliai fWiipaKaieti Itglis at Mies and suppsirteJ 

ik'tjdes srarispircij dunn^ w-hieh the I'niinen Ni-ble and the enifHilai W.ftJasAio tnduetitiri 


<ltssi»s,i;tt’!ir, <! 
eviN.-rttnerts cau 
aLcepteJ hy imn 
the lumral 

sttitlies iaile<l in fhcif attetiipti Ki'ii’teci and re-tnjitate tlie aelher, U pttrijciihtf mee is the experiment b\ s J Battiett 
■* who beiteved tlwt «f!h upen atcuit !es!ini,> fi-tg U, lie had sutfftlett m vhstwma that a svintiteiritally dwervcd 
tmipnetie Imki JfMts mn rntate tn esHtceri with the MMI- which prrds eev i! Alk*ii Idnstetti relutctl this claim wnir the 

Rotatabty Mountei 


Electr omagnet 
„./vf " Cor 



Sensitive / 

Becfrometer 


Rotatably Mounted 
Cylindrical Condenser 


Fig. / SJ. Barnttt\ expaimeM to determine'fa i,ymmtttkaU%-dkpened 
magnetic fieid r&» he mac e t<* rotate ahmtt iu am rt/ tymmetry Fin item 
comciiy pointed mi that the test pmte whetf mtunted midered the 
circuits closed and the remits mametmiee. 


evpiana'ion that,»small vnraaebsf actuated at the iiitimcni tlata was t iken had rendered Barnef’s t ircoits ek'sed. It was 
Med Kri.twn sr theory *haf there wa*. rh way to shf^w the siaic of roi unm of itx- ntai'iietic fields these siodtes inmlved 


By IVdti I'tnsiem ts s*t|f consuieted an aether necessary htr a etahttenf jtenerai relativity to he cnncetcahle, hoi he 
sooi.hi I eir- i-sion ho-a :■-( ae'hcr c<»iti[>osed of " leer It iht-, af r'aifh t's anyht ttavc elc.,‘foriiacncfi. [tfopertie' a- vtel 
Hi O-ifH he'd desl.iieil she nrobiertt -i. eteat that, "we ijtnc lo ytse i <i[> an-d dttjs -jp thi- mcchantcal view taethei t 


it tan now N* shown tjaite fas;)v the* the vaciiMin h,is a s.itHtamivc, fimaiona! striictarc, i.c . ae aether In a fecctfPi 
dcvflopctl easily repHKhiced exfH'ftinent explotiirt}! the I'e-Ws t>l s* nthetic mj^metic jfit'mf<poles itie its presenvc 
was iijnvmcsrrgly contrrmed in a tlcmonsfranon lecture at t 'alrcch *- -U Ihe a|ij»ara‘us employed caused latrcni/, tor.;es 
Hi N' aeiwratcd m and stem from veemtngiy empty amPicnt spttcc The presence tif «hc*t* Bnx-ev was evtdetii'cd as a 


Fig. 2 Hypothetical magnetic monnptde 
inside of and free to tun about common 
axis with hearing mounted metal tube, in 
addition to the ff. couple shown, all cur¬ 
rent components .suffer Uwenti torgues in 
the same sense, thus tending to accelerate 
the tube m rotation. Notr that all iMrenfz 
force components emerge from srrmingh 
empts spm r. 















mulisf li 


(} r>t conpii''^ »-acfirtg t» <rccterjte & 
h.Aiii'mi' sl»« dis€ci!i«i»f ihecurrent < 


(JtataWv iiHMjnteil, cijrreas carrying cylindricai mbc bn-^kh i«t ri<t,jU 
reversing tlic tnonopolc fscM empUwed caused the rtitaticx? «'»h-af(A 




fif^utK f Experiment perftirtntd ui < 'allech in January of 1996 clearly demonstrated Liorentz 
Jarees frtm amhient aether space When electncaily excited, the motorotnr accelerated 

briskly in romikm. When the currem, I, or the ^mthelic magnetic manopole field hw reversed, 
ihe dhk clrnttred direction of nmtmi with startling abruptness. With nn ponderahk matter 
present with which to jrtJ«r«<r, die motorotor had to be interacting directly with a substantive, 
stiff magnetized aether. 


Fig. 4 All forces must .stem from energy 
sources. ,41 lAtremz forces can he observed to 
h\M’ from empty space, there is anavailabk 
energy in Ihe vacuum and a medium in which 
it i« stored, liv definition, this is the aether 
medium on nhich Structured Spare 1 henry is 
based. 


S>ryctufed space theory xssumes the homogeneous aether 
tlig, 4(!«» be a tjutiMized, hifh-energy density sujrcrfluid 
crrmposccl (d f + i ant! t-t '"chartrons." nature's Kmallesi 
charged j>artf.ck**> (’at kc*d in tltssest jMroxtrniHS (+»ant! I- j 
thariron pairs are assumed .x evict in the Itsmi »*! massicss 
"steons" •" iMturc's smallest ricutral parosk*-. When 
partijliy dissociated, aeons possess mass in thr fonris m 
clsctrit and or rnagnetie tidd energies '• Void" panicles 
may he tlescrdsed as /,cr«» tontcM. zero etierfv density 
space lhal are svmmctrically surrountted hv siablc. figid. 
aggregates oi keystnnc-iike aeons. They arc hcavdy 
hticsM-d he hu! are uitirls iriijx-ncirabk* to the amhieni 
atiber pres-^wre Thes are a'sumeii to have twice She mass 
ol ir«T I iairtrons A* :hc most timdameniai level. Mnictwed sg 
u! .icons, ch.iarunc and soids M.-mer then derives ns im 


Aeon'Aefifr: 

i t . --v 
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■ ' 1 - 


Volume = 4 

energy density s energy / volume 
s f//4 i/m» 


ucc theory assumes all subnuclear panicles to Ise 

liirectly from the stable voids it contains, When 



siahfli/taf '•vmnH.'trie' are “hmken' h»gh aellier flow; irto these voids lastjnuneously ranslormin}* ilw 

f*arttck*s v»>k! volume, s into spacetmte aether with th*- attendant release of enerpy 

R*p»v»nic2 - 

Tl'.us It apjicats the vat'uum structure provides for rtiass-io-eriergy an I encrgy-lo-mass oansforntatiuiw and that without 
an aeilicr. there would be no matter' 

1 orenii forces are resultant reaction.s to pressures imposed by movini charges t matter ton magnetically strained aether 
~ iriseractions which produce coerf y density (pressurel differences n the spacetime structure that are peqjendicularly 
oriented lo Nilh the currents 1, and the magnetn. field vcesors, B ffi/. 5i Eitistetn fell lorced to abandon the aelhci 



wlien itapjiearrd impiissible to essptain these orthogonal reiattonshipi - pr«tK-rties without whuhihe aether's ptesmsc 
might never tiase been dtscoscred enperimeRtally. To react to tic forces moving charges nr.fvose on mapnett/nl 
span’hms, I .orcni/ forces must be supported by energy wrarces residing in tie heal vacuum lo a degree, (h:s sho-.i. 
magneticjih strained spacetime caa be soiacwhat impenetrable, so istatwivc. and dense, 

f'onuguous. ai an energy density of at least IflWpMikspetmetaJ, wons comprise art ideal .superfluidK' aether m w}m.l* 
all Ollier panicles are -.mmersed, a •nedium which conserves ensrHo propagtitcs transverse and spherical waves, ami 
vupp til s all of fltt* natural torccs, Energy density ts a form of pncssuipe ivhen imposed on suriaccs mit readily pcnetratei!* fig 
4Tail pressure of v>me kind exist in a dMp vacuum ’ Yes. if the vacuum sufierfloid is composed ot panicles so very 
.iiiail Shat they readily penetrate ai! known alirms The spaces he ween the atomic nuclei yl any p»nder.ibk- mader 
exceed the dimeasiotis of subnuciear paitkiev by many orders oi magnitude As vacuum chamtiers athi pumps uie 
lahncated of pjmlcfable matter readily penetrated by aeons, no chat ibercan Ix' evar-unted of aeon partules nor svin the 
aeon aether be pun^icd like ponderable fluids, fki how. then, could t mediuni composed of such stsiall panicles interact 
with matter cermposed of the atoms they penetrate so readily’^ Aionuc nuclei arc thought lo be surrounded by electron 
■'clouds’' readily iH’neiraied by tiny clcctncally neutral awws As ae >ns cannot (leneirste other aeons or densely p,« ked 
aeon aggregates, they cannot penetrate atomic nuclei which aie. in th-i main. deriMfiy pat ked aeott aggregates. According 
to strutsured space theorv. is is the vacuum'-, energy density that .‘upports the strong nucleaf lortel?* needed to hold 
aloiritc nuclei: sogelhct 

Whaf then dillerentiaies matter from spacetime aether? The irsotn pically sifuctured aether is presumed fully packed 
with as many aeons as can He forerd into a pivcn volume with eacl aeon storing unavailable energy ol approximalcly 
10 * U abs. Hare are no negative energies in .structured space thtory. As the chartmns ami vonls in matter displace 
vacuuiii structure, the aethcr’scncrgydc.isity always exceeds that o matief So in structured space theory, it is the void 
conieni itwrcot that ddlcrcntsales iimtler from spacetime Homoge icoas space is structured of idenlica!. highly elasfi. 
;ie<ms which, under an energy de«s.ty^p_,,of at least ly-iJ/rtiE appro ich the .slajwsol dixfecabcdfally truncated spheres 
MatlCf deviates from this paifrm somewhat m the form of staHi chatirtm. aeon, void, aggregates, which direcfly 
.iispj,. (heir respective volmoes u! spuefimc .Sush dtsplacem mt.s pioducf, in eircct, regions o| stable ftdusc.J 


ftg. 4 


• Impenetrable Surfaces = Atomic Nuclei 

• True Voids = Available Energy 

• Aeon Vacuum = Unavailable Energy 

• pa s= energy density 

energy tJensiiy - • regions which comprise the - »urce of ihe physical property, mas,^. 

The energy stored in the vacuum structure is aornially unavailable. Thus, the unavailable energy, ti, stored in any 
massless spacetime volume, v. ai energy level pa, is then seen to lx* 

Espaf 

Available energy can also tx; dcscriteJ as ni jc- and hvj. These expressions describe the siok.s contained in detcclaWe 
panidcs:.:: l,i<|ijimng,' 

Ej = mtc2 = h¥| 


inic2 = hvi K p,vs 

This iinplie--. ibe dcUter is the ^iiifs-c o< all energy which mic* and tr.-j make av«Jiable The energy sird's niic ’ .iitd I.V; 
c»»ir»prist; reginns <,sl reduced energy derHilv iiiio which tlv vacuum '•ypedliiid rapidly when tlie sv-mmelric-, 
!(<vMU-ed ;jk' hf>»fcn 1 he eftergv iitnile availaNe will tr slnecUv pinjHirtiuna! to the vokI vot.inics, p^v j ihcii bl'Cd 

If »,»rt U’ aigutd ffij! Ji loH'es derive i'rum pu- -.ore i|(ttcrences m the acfher tlict intefu.,i witli particle (.fiks scttuur. 
\- this inc!ii<UgrfssttiiiiKw.i! and incfttid lemcs ,»• well, e appear. >iru. rured ••pace thv»>rs priisyles a piiy-K.dt. 
wait .ti: r.'-i iiitei re.-tung .id Imeev i c ,, ctihcrfm appnux H n* the toniuilaSii'nof a ealid i mdicii l‘e‘j,l Tla'-as t • 

leCiUd tHgianlalioii, exiicttu-h high Iretjuenci. itu'rcihbh •.trw(j variatnifis tn nut Iron wluinc. f^an- .cAum.-ii !>. 

. .Jiice I li sp.i.tifitic !<• etlei loclv aitfleruie ir. th ’ fiiks taim, ;.i the uri'lylaime ruii id in*- 1 lie. :i|'.|-<c;u . h< ophiut 

ai.jihe-f; ,!!• ,«llv, b<m mass phv'i: -dh- ' w.iip-.” sprii mijtic yvttdr evaUtaiing lti<' />(i?'i;iiils msith.erl a ihi'-, .la.i!-, , )!«• 

'e.c.ntj Pm Nifi.i' •>! gfavip, f*- ,i,< serv sninll in t oftnwrjMrntolhe dfuluittls hui e wa-. tits, iiveieth >* .As |ih ,tl ir, 

■Ilf-.! !rtctli.!l a,i cU'i.siiM[i-> iiiw.tt' inicrat 1 isiitMiiie auti the ■•miie mii, k'nti cross ■*’- nuifs t! itt.is.eM lla fia,.t* , M'.,!’ a 
f'S i' ,! , elcf.iii'in'. '• usf Is,' lapiai .< well’ The. .ipiw.ifin Is’ th- phV’.fi .d b c.r. Iiu I ,.(sicm A |ijte. 'pfe of -■ !|’))‘, .d.-j< . 
that ' cra-igi m.’is^ Is pti.dtfttfifrfd !• i ifhenic Wlicte.i. gi.IVI’,(1(1111,tl ' .-liid ' If.CMial l!!,e lie !ir<i|ntj'.i -rcthe 





{he of which the is composed can and do dissociaie, completely or m part, two (*) ami t - i chartrons t’ 
{1st* ’ mechfflicai" aeilcr abandoned by fynstcin is ttow seen to possess eiccuroroagnetic propcrites as well. When 
Mrained reciilmearly, the aether's aeons siwe coulomb energy in the femm of electrk fields; when strained t« tuismn. 
however, they store available energy in the form of magnetic moments (lines of force) fclectnr "lines ol torce" art- 
gradienis which interact with chartron particle cross-sctfions, causing them to aceeleiate. Magnetic nionnpoles h;r.c 
never been detected and m structured space theory they are unneede 1 Hypothetically, the field o! an isolaied “north" 
moiwpile imgbi be dc^rihed as uniformiy spaced n agnetic " line; of force" directed radially outward from such a 
particle's center “North" and "South” monopole fields tan be cru lely synthesired by conirapolanztng high energy 
product, high coercive force magnetic tnatcriah {rods). As magneliz ng forces displace spacetime I aether i in the "lines 
of lurtc" directions. Urey generate magnetic energy density differenc js which would mechanically accelerate syruhclic 
magnetic monopolcs enactly like electric lines of force accelerate ch irges. This is whs unlike magneiic " juiles"' auract 
each other while like poles repel. 

CONCLUSION 

The quantum lhc<jries emergetl in an era during which it was widely believed there was ro aether. The and CX.'0 
theories were invcmcd to explain how action at a Jisiancc forces might bt* transmitted between interacting bodies 
tb.ough she exchange of energy-laden “virtual” particles. In view if tla; experimental evidence demonstrated at ihe 
Caltech lecture.I-’* at leas! to Ihe extent that Ihe aether’s presence challenges the need for exchange between intcriKimg 
pa.nieles, some aspects of the quantum thcimes may need to be miHlificd, 

T > liinlicr holster piwt of ihc aether's prcsem*e. a new expeiiroeRt (fig 7,i is r«r»pos«d which will further our umJersiandmg 
< ft tho siriiclurf’s characteiistics. In essence, it would provide means for making true open circuit c.m.f meusurements. 
{ethnology not available m ihese early pioneers. Thus, the results obtained will fw clear and unambigy.u.s, II ni> LMfis 
are gciietated when only the synthetic magnetic motio|»lc is rotated, the IseW it poKluccs musi rcroani irrotatiouully 
fixed in the vacusntt simayre. To. achieve force field fsropulsitm, all of the aether's magnetic properties shfiuld He 
ast eristned Kevitiuiion irf the question Biirnetl and Kinstein left ogen could be crucial 



Schematic o f Proposed Test 
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ABSTRACT 

Eauly in the ceiMiny now aiding, a conceiH»i effort was matfe to determine if empty space had physical content, i.e., the 
once hypothesized aetha. No experhnem confinnu^ its f^eseacc was found at the time. sc. !hc aedier w» relegated to 
Ae coobnued status » open queoion. The aether is td cuneni inters becMse as part of its *‘Biec>kthrough Rt^Mil- 
sion PhysKs” pn^am. NASA is sedcii^ to determine if a much superior way to propel qiacecraft c»i be found. 
ReceMly. experknentai evidence of an aether was reperted which appears to mAc possible (Htxisely the propulsion 
capadNiity NASA seeks. Force field prc^wlsion must cffecihiely transport energetic particles fore of the “thrust pmnps” 
to regions aft of them. The amhient aedirr “pressure” is known to be m least ItP^ ncwions/nKtcr. As it interacts 
strmigly with nucleons. ai infinitesimal wi^ of it coaid e^ly propel spacecraft. The spaces between nuclei arc orders 
of m^nitude grater thw die sizes of puticles dtat compose the adha so mdicr moves freely tlutn^ spacetime 
without observable imeiaclion. Propulsion lequues energy craivoskMi from potential to vectored “kinetic" form. 
Inertia is the coupling that makes tius conversior pcKsiNc. 

INTROlHMnfm 

According to actha history, long before the quanuun theories emerged. Andre’ Marie Ampere' clearly envisioned dw 
aether as a combination of the positive and negative "electricities.’’ James Clerk Maxwell effectively enlarged upon 
Amperc’.s insight by introducing “displacement'’ currents to account for a-c conduction in dielectrics. Then in the early 
I930’s, shortly afta P.A.M. Dirac had predicted the existence of “antimatter,” C D Andersen discovered the positror 
Two decades before this physicists had worked fervently, to no avail in their attempts to show the Michclson - Morley 
resuks did not preclude the aaher’s presence.* In a companion paper*, rssuil.s of a recent experiment were reported 
which should icestaMish the aetha's presence. It is now well known that gamma ray pliolons can create positron - 
electron pairs out of the vacuum structure near heavy nuclei and conversely, positrons and electron pairs can "annihi 
late" each other and produce gamma ray photons.^ 

In a recent devetopmenl in theoretical physkr.s ♦ called “Structured Space Thewy,’’ these facts were effectively corre¬ 
lated by assuming Lie aether composed of (■*•) and (-) “charlrons." and “aeons,” natures smallest charged and neutral 
panicles, respectively. It would iqipear the sigRificance of Dirac’s and Andersen’s contribulioiis escaped Ein.stein'.s 
attention as otherwise, by I9.T8 in a book he co-auihorcd with lx*opold InfekI ’ they would have realized the aether has 
cicctrotnagnetic properties as well as mechanical ones. As the standard” model does not include an aether, it can 
neither deal with mattcr/vacuum interactions nor, by itself, can it contribute to the theoretical or physical development 
of force field propulsion. Aeuas and chartruns provide the spacetime aether with its mechanical and clcciromagnetic 
prc^icrtics, fe.spc,.u\ely. How they can be exploited to provide the propulsion means sought was suggested nearly four 
decades ago * 



TlKMMMMraitor 


Shown in flg.I IS a device called a moioroiw. Its ctarent carrying dk ments and 
mainaiaing force mt both contauiedl in »i all metaJ rotor. If nKataM:' tnounted. 
It accelerates briskly in rotation when cfKrgbtcd, like the rotesr of an c ectrk mo¬ 
tor The Ljorenta forces (cou{^s) which firopel it, stem fresn scemii gly empty 
space tlurt is iwt^pwtioed hy tike rotor. As widi all foroes. Ltmertl/ for> e$ must be 
suf^KHted by energy sources. Thus, the tnagneiiml vacuum emtiains an ener¬ 
getic medium that interacts widt the magnetic fields of moving cluMge J particles 
Structured Space Theory assumes this energy soiwce is the aether ard that it is 
capable of supporting accekraiion fields in excess of 100,000 g’s.* Although 
motoroior propulsion is not the capability NASA seeks, it is propolsian derived 
through a cootrollaMe aether/matier interaction. 

To achieve ihrusi. not lorque. additional (diennmeria in combination, tfc needed. 


/fg. t the 


Our present knowtedp: of i^ysics limits our ability to prt^l and cortrt^ ^lacecraft to Newton’s laws of motion {and 
of unive-ssal gravitation). These arc marhenuuuicaJ expressions which ccscribc quantitatively *‘bow” free bodies react to 
applied forces and gravitatirmal fields. They do not explain “why" ih^se laws iqipty. One stated objective of NASA's 
“Breadethrough Frqpulston Physics Workshop” was to solkit ideas which might answer the question, "how mtj^t 
spacccralt be propelled without expdling onboard mass?” In response to this question, another occurs. Why dt' 
Newton s laws apply? The aurent effoit seeks to replace {Mxipella its with alternate energy sources logcthar with 
means for convcrtii^ such eicrgies directly imo vectored kinetic enargy. Theorcfically. the fields mteded to dto this 
might be chaeractoriaed as a "cross” between gravittdion and inmia. The vecloresd energy density diffeiences needed 
would have to be derived in a form clfcctivciy handled by pumps m;»de of readily available materials. As the aether 
would petmeate any spacecraft so pn^lled, the “thrust pumps" <h veloped crwld be installed anywhere inside or 
outside of the spaceframe. 

Ilie Sitoctoivcs rif Mailer end Sf»^^ 


Baskalty. structured space theory is a coinbina on of •' lativity, 
provideH, in effect, the teis for a unified view of natuio. t be vacuur 
endows it with physical properties. Hie quantum nsHure of mass ar 
structure, a high energy density superfluid composed of nia.s.sles.s, virt 
Although electrkaJly ncutraJ, each aeon contains two contiguous 
tme i-) chaiuon. When partially dissociated, a^as possess displaceir 
field energies. For maihcfnaiical convenieiice. .stiuctiired space th 
scmiehow penetraic and contain one another, thus cohauiting a single t 
cannot penetrate other aeons nor can like chartrons penetrate each c 
may be described as rcro confceni, zero energy density sp^cs surrt 
TfKHigh incredibly stressed, they are not readily penetrated by the am 


quantum, and aether theories - a concept which 
1 structure interacts strongly^' with matter and 
d energy derive from the vacuum's coiptiscuiar 
lal. neutral partkks called aeons, nature’s small- 
anli-particles, also nature’s smallesi, o.ic (+) and 
enl mass in the forms of r leciric and/or magnetic 
wy treats field-free aeons as if their chaitrons 
uantum of otherwise void :^acc. Note that aeons 
thcr Void psuticics are potential "sinks.” Tlicy 
unded hy stable keystone-like acor aggregates, 
ibieni aether ptes-surc. 


Sphorically symmetrical voids have twice as much mass as free cha irons. Mjtftcr derives its ma.ss directly from the 
voids It contains. In structured space theory, all matter is compose*! of aeons, chartrons. and voids. Without vends, 
there would be no matter. When matter somehow become.s unstable, the high pressure i^dicr instantaneously iran.s- 
ftmms the annihilating m^tcr ‘s void volume content - into spacett me aeons with the arttendant release of tlw energy 
p^Vj Matter is composed of neutrai atoms which, in (urn. are comf osed of positively charged nuclei and negatively 
charged electrons Ifrtxons and neutrons, of which atomic nuclei a e composed, contain most of the mass found in 
matter As aeons can penetrate anything except nucleons, aeon agpej ales, and other aeons, the aether interacts strongly 
with atomic nuclei but readily penetrates die spaces between them I very dcicctahlc particle has mass These proper¬ 
ties engender the fields responsible for the natural forces in nature. V%at then diffcrentiafcs matter from the .spacetime 
aether’’ The homogeneou.s aedier is fully packed with aeons each of which conlain.s an unavailahlc energy of approx 
10 "’ joules absolute. There arc no negative energies ii .structured space theory. As chartrons and voids in matter 
displace vacuum structure, the aether’s unavailable energy density always exceeds that of matter So in structured 
spate theory, it is the void content thereof that diffcrefttiMles matter rom spacetime 



* dter a pressure, , of at least 10'^ n/iii\ aeons :^>proach tfac shapes of oodecahetkally truncated spheres. Matter 
deviates front this pattern somewhat, taking the various forms of suMc charmtn, aeon, void aggregates, which dis¬ 
place their respective volumes of spacefitne. Such displaccmcaits produce, m efleel, regitws of .slaWe, redhiced caergy 
rkitsily - spaces which comprise the stwrcc of the physical propaty. mass. 

The sires of aeons, chartrons, and stable voids are unknown. However, electrons and positrons may be chartams and 
if so, aeons would he about 10 meters in sia®, about 10*’ massless aeons would occupy a iwrter, the aether's 
energy density would he at least 10*^ j/m*. and each aeon would possess alxjut 10 joules of unavailable energy. As 
the rtether cannot penetrate protons and neutrons, dteir structural integrities would be sirtmgly maintained by an aether 
prsssure of at least 10*' ti/ml 

Note; For light to propagate at IMIO.OOO km/sec, aeons must be contigumis. Electrons and positrons are .ifproximatcly 
10 *’ meters large and occupy about lO*’ m’. As it taSoes about 1.7 x 10 * * J of available energy to dissuctatc them, the 
unavailable energy density of the aether must he about (1.7 x 10 **J)/<t0*’m’)or !.? x 10’* J/m* 

The acdier’s electrwnagnetic proptsrties derive from its chartrons. When combined in aeon form, devoid of availaWc 
energy, chartrons arc massles.s as are the aeons they compose, DetectaNe matter contains some form of available 
energy which differentiates it from the ambient vacuMin structure. Neither aeons nor the chartrons of which they are 
composed possess ary form of available energy and therefore cannot be detected. 

The mechanics of force field propulsion arc contained in the physical interface between the matter and spacetime 
.structures ouliined. Force fieki propulsion must be achieved by a (ritysicaJ interaction between the spacecraft's propul¬ 
sion system and the ambient aether, a pumping {moccss thj« imparts kinetic energy to the vehicle. 

A valid approach to force %Id proputstem might be f« one to determine wrfiy rcKtion motors work. It aiqicars that as 
the high energy density aether forcefully resists displacement by the forming kinetic energy flow patterns, il also 
provides an accelerating spacecraft something relatively substantive to push against. While Ncwkmi's second law of 
motion explains how the faclon, involved vary, it is completely silent as to why these tnier«:tions occur. Why, physi¬ 
cally. does Newton's second law of motion a^iply? 


I = 2Ap,a, 



(P,+ 


NewiMi’s Seewnd Law df hlrMion Ikrived 


fig. 2 Extermif&rtt / 
peepels M , 


The key to understanding all forces is to observe that they have energy densities or pressures in common *hat are 
impeded on surfaces through which there is little or no energy penetration. Such are the cross-s«;tion.s of {woions and 
neutrons which compose ibe nuclei of matter. A free nucleon is repre-sented as M, in fig. 2. In the absence of any net 
force impised, is bathed in the aether superfluid at a unifemn energy density, p When an external force f is then 
imptesed. motion begins which causes the energy density at B to become (p^ + Ap^) while concurrently, that at A 
becomes (p^ - Ap I. The resultant force, acting on a^^. M,'s cro,ss-section. will he 2Ap|a^ . the equal force that 
oj^scs f. lotting a„ = 


/ = 



Asa, = 




From m,c' « p,v,, 
substituting in oq. 2. 

LeKtftg t^= r,/c, then = r,-Vt,' 
Sub^ituting in eq. 3 


t>,a 


f=mjmX^/p,Xr,Xf) 


As is a dimcnskMiJess variable and irjt^) is a constant v/ilh the diiuoisions of acceteration, we am write 

Nevw«Mt’s scc<^ law of tnoiiofi, 

/=»,« (5) 

Smiciurcd space theory assumes the aether is a perfect high energy density si^perfluid which, cxcqpi for atomic nuclei, 
reathly pentwates all elements trf the periodic table. Where no ac^mion is involved, «ich matter can move teough 
the aetha without dd&eciable inleractitm. Wheare matter is innnersed in aether containing aoxleraticMni fields with which 
it micracts, however, it will be propelled in the field dircctioo. By definition tf«o, the stated propulsion caq»ahility 
sought in NASA’s breakthrough propulsion jAysics effewt reduces to be artificial generation, in die aether, of vectored 
acceloation fields. 

In fig. 3. there is no external force allied but Uxare ha.s somehow been generated a vectored acceleratran ficW by 
increasing at B by the ainount and decrei^iag p^ at A by As a resuh. is propelled in the B-A 
direction a.s imJkiided The acceleration field must be achieved by piimpti^ atnbicM energy from A to B. 


In fi^. 4. a vcctoied acceleration field has been '»enerai«l which is eq ial to g but directed vertically upward so M,« 
hover. To <«rcclttralc vertically upward, the intciKi^ of the vectored field must exceed g 








fig. 3 3^, developed ia 
ipaeetime eeifier inlemeti 
wkkm^^ to propel M, 


fig. 4 By pumping aether 
downward so thed ~ 

M hovers weighthssty in zero g fieM 



The «i^gy stored in the vacuum structure is normally unavailable. Thus, the unavailable energy, E, stored in any 
massless spacetime volume, v. at energy level p^, is then seen to be 


if=#»,v. (6) 

Avaibdile energy can be deserted as and hv,. These expressions describe the sinks contained in detectable 
p«ticies such as nucleons and photons.Equating, 

E = mje*»hv,^p^v, (7) 

where v, represents the aether volume displaced by voids. This suggests the aether is the source of all energy. The 
energy sinks, m,c^ and hv,. comprise regions of reduced energy density into which the vacuum siqietfluid rai^ly flow.* 
when dK symmetries involved ate broken. The energy made available wilt be directly proportional to the vmd volumes 
then filled. 


In the presence of a force imposed on a body free to accelerate, a pessurc ditfcrcnce develops which interacts with the 
proiet^ cross-section of each of its nucleons to produce a resultant inertial force, equal and opposite to the force 
impeded. As the body accelerates, the unavailable energy it displaces is transformed into the avail^ilc kinetic energy 
flow p^tems elsewhere described. Aether interacts ^ro^y with matter and endows it with its inertial prc^iertics. 
fwces ate pressures imposed by eacr^tic nwdia on surfaces they cannot rc^iiy penetrate. Wherever there is energy, 
diere is a form of ptessisre. Energy is measmed in terms cd' the work it can do, i.e.. the force,/, it can impose on a body 
while moving it through a finite distance, f. Energy density is me%ured in terms of work {ft) contained in a given 
voiumc, /*, i.e., As this expressiem redtKX» to //f*. it ca»i be seen that pressure is a form of energy density 

inlcr^ting with a surf^e, re^ or virtual, which it cannot readily penetrate. Clearly, pressure can be a measure of 
energy level. Force fields are energy iknsity gradients in the ambient aether. Any body immersed in a force field with 
which it intencts will accelerate if free to move. 


The %ther cannot penetrate moving nucleons so it must flow »ound them. As illu<Aratcd in fig. 5, the vortex flow 
patterns generated displace aether latcraHy. and dynamically store the moving nucleon’s kinetic cneigy. As like diartrons 
cannot penetrate each other, they, too. generate charac^stk flow patterns when in mmion And ^ain. the kinetic 
energies they gain come at the expense of energies stored in the interacting coulomb fields. Energy stored in force 
folds is thus converted diiectly into kirictic energy centered in the aether about bodies in mertion. 


• AEON 



fig. 5 2^ip| created by moving energy from A to B; energy re¬ 

turning from B to A propth 


It can be argued that ail forces derive from pressure differences in the aether that interact with ’.tc * arioo.s parciric <'ro.ss- 
sections. As this includes gravitational and inertial forces as well, it appears siiociured .spac . ‘‘r^-oj-y provides a physi¬ 
cally realistic means for inter relating all forces, i.e., a coherent approach to the formula m •> a valid -nificd field 
theory. Regarding gravitation,’^'' structured space iheoo' assumes that extremely high freqe nc,. inwfedibly small 
vanations in nucleon volumes cau^e IfKal .spacetime to effectively accelerate in the direction af 'he undulating nucle¬ 
ons. Tills appears to explain, mathematical!;’, how mass f^ysicalty " warps" spacetime. As local gravitational C'ld 




inertial accelerations always interact with one ^ the same nucleon cross-sections, the forces created by equal accel¬ 
erations must be equal as well! This may be the physical basis tor Einstein's principle of equivalence.'* Note that 
“eneisy” mass is (Moportiond to volume whereas “gtaviiatk»al" and “ inerual" masses are proportional to area. This 
causes no problem because the ratio of a nucleon’s volume to its crosi-seetkm is numerically constant. 

As the aeons of which it is composed can and do dissociate into (-«■) and (-) charttons, comfd^ly cm- in part, the 
“m^dianicai" aether abandoned by Einstein is now seen to possess ek ctiomagnctic properties as well. When strained 
rcctilincarly, the aether's aeons store coulomb energy in the form of dectrk fields; when strained in shear, however, 
they store availab'ic energy in the form of magnetic moments. Elect ic “ lines of force” arc gradients which intoacl 
with charged particle cross'sections, causing them to accelerate. The expression ”iines of force” is a misnomer when 
tq^ied to magiwtic fields. Actually, these lines are normals to the [danes of magnetic moments. For them to be 
gradients, nu^n^ moaopoks shoirid have been detected by now. According m classical theory, magnetic fields 
derive from moving charges. In Stnictwed Space Theory, some st-lid materials possess retentivity characteristics 
caused by sheer displacements in their aeon aggregate substructures sdiich remain after the magnetizing forces which 
IHoduced tlKm aie gone. These magnetic fKlds are not caused by centinuing currents. Were this not so, the synthe¬ 
sized magnetic loonopoics in motmotors wmild require there to be pot mtial gradients capable of driving d-c currents in 
cqiposing directions concurrently through the same comhictors. 

ThrastPon^ 

Reaction motors work bec«ise coouiKm, high energy density sources, afqily forces to accelerate spacecraft in one 
direction while applying equal forces to accelerate combustion exhaust particles in the other. In both dir^tions. the 
interactioiK involve maQo’ being accelerated relative to the ambient .idher. While die kiimtk; amgy impruted to the 
sptuxeraft continues with it in the fc»m of the aether (low patterns desi ribed, physical losses of the propellant mass and 
the energy expended in accelerating it cannot be recovered. Forobviois reasons, such reaction motors must be nKHinlcd 
in the rear, outside the spacecraft. 

TheoFCticaiiy, thrust pumps ^lould work by effiKtiveiy generating available energy in the spa^time aether fore of each 
thrust pump and moving it to space aft thereof where it would be released. 

CONCLUSION 

As thrust pumps wordd not pollute the environment or eject anything, they could be iiKMinted inside the spacecraft and 
interact widi the aether there. They couM i>= made available in staidard sizes and tiuust ratings and al! wor’ld be 
controllable by readily available hardware systems. Wl.cn availab e, these pumps should be about as cR^cicn; a 
electric motors oi generattM-s. 

For inhabited vehicles, it may be (<o.ssibIe to provide chambers in whk h a one “ g” environment could be maintained. If 
so, vehicle accelerations exceeding levels passengers could normally endure might become feasible. 
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An Alcubierre Drive Using Cosmic String ^ 

Geoffrey A. Landis 
Ohio Aerospace Insdcute 


Abstract 

Configurations of positive and negative mass can be used for propulsion, as proposed by 
Bondi and Forward, or to create a reactionless “warp” displacement within the constraints of the 
general theory of relativity, as discussed by Alcubierre. One way to create such a configuration of 
posifive and negative mass might be by use of loops of cosmic string. 


1, Cosmic String 

“Cosmic string” is a macroscopic one-dimensional “defect” in the geometry of space-time, 
which is allowed (but not required) by the general theory of relativity. Some theories of 
cosmology predict that cosmic string may have been formed in the early universe as a relic of the 
big bang. 

A conventional cosmic string is a region surrounded by an angle deficit; that is, a clo.scd circle 
around a cosmic string contains Ics.c than 360° of angle. This can be thought of as a wedge 
“missing” from the surrounding space; the embeoding of the analogous structure in two 
dimensions is a cone. This results in a ^ace-time which is flat ateve^ point which is not on the 
one-dimensional string. The string itself has large mass (mass per unit length, p, typically on the 
order of Jupiter mass per meter) and positive tension (T). From general relativity, it follows from 
the geometry that ^iandT must be related to the angle deficit 0 by: 

p = T = 0/8nG (1) 

Alternately, a cosmic string could be conceived with an angle excess, rather than a deficit. A 
closed circle around such a string would contain mere than 360° of angle, corresponding to a 
wedge of “extra” space. The embedding of the analogous structure in two dimensions is a iluted- 
cone. From equation (1), such a string would have negative mass and negative tension, hence, we 
refer to it as a negative-mass cosmic string. (Negative pressure is the same as positive pressure; 
for a positive increment of length L, dF7dL<0). 

Negative mass cosmic string have been discassed in the context of wormhole physics [1], and 
it has bi^n proposed that such string may have been formed in the early universe [2] However, it 
should be noted that the question of whether negative mas.s obiecLs are permitted by y.c',d theory is 
unresolved, and remains a topic of some debate in the physics literature. 

Note that cosmic string.s should not be confused with “supersirings”. Cosmic strings are 
objects of macroscopic length and mass, subject to analysis by general relativity, while 
superstrings are objects of microscopic scale (ca 10'^^ m), and are analyzed using the tools of 
quantum field theory. Both are one-dimensional objects, but otherwise the two are not related. 
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2. Cosmic String in Early Universe 

It has been proposed Uiat cosmic strings mey have existed in the hig-bang. OscillMions (tf 
cosmic string emit gravitaiional vvaves and lose energy; loops of conventional (positive mass) 
cosmic string would thus tend to shrink toward zero Ter gth. Hence, if (positive mass) cosmic 
string was prodiK^ed in the beginning of the universe, U is i^elieved to have long since vanished. 

Loops of negative mass string also radiate energy in oscillations. However, since loss of 
energy increases the negative mass, such strings would grow, rather than shrink. This creates a 
“squiggie”of string surrounded by a shell of gravitational radiation. This process has not oeen 
studio. One likmy result of the accumulation of angle excess would be a “baby universe" 
consisting of the negative mass string, coupled to the ‘ rdinary" universe by only a narrow 
mouth. 


3. Creation of Strings 

Since angle excess or deficit extends to infinity, a lone t tring cannot be created, since it cannot 
match the flat-space boundary condition at infinity. 

In principle, though, loops of cosmic string might be created in positi e/ncgaiive mass pairs. 
This is a conseqiwnce of the fact that topological defects can only be created in pairs, Outside the 
regions bounded by the strings, any angle deficit must Ire balanced by angle exces.s in order to 
match boundary conditions at infinity 


1. Bondi Dipole 

A gravitational dipole of positive and negative mtss can be used for propulsion. This 
application has been examined by Bondi (3] and elaborated by Forward [4,5]. One way to create 
such a dipole might be by use of loops ol cosmic string. 

A configuration of positive and negative mass can also be used for reaciionless "warp” 
displacement, as discussed by Alcubierre [6]. Again, such a configuration of positive and 
negative mass might be created from cosmic string. 


5. Possible Example of Alcubierre Dipole 

An Alcubierre type drive requires four loops of cojmic stri^, two positive, two negative 
(figure 1). The negative mass loops vibrate, releasing energy. 'Inis lengthens the strings, and 
creates additional angle excess. The added angle excess “inflates” the surrounding space, 

recion at travel 




negative string; positive string; 

exoai'^ing space comracling space 

Figure 1; positive and negative mass dipole created using I }ops of positive and negative cosinic string. 
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The posiuve mass string? absorb energy. This lengthens the strings, ind "contracts" space. 
In the process, the negative-mass string gains negative mass and the pr>sitive-mass r.tring gains 
positive mas.s, so the entire system grows with time. However, r- end of the proce.ss, the 
positive and negative nass strings can be canceled against eai; her, .so there is no net 
accumulation of mass. 

For each of the positis'c- and negativc-rnass regions, two lo<, > ci siring are as'^d. This is 
OTginceted so that the vibrations of each string can be done in phase, allowing die radi".tion emitted 
from the negative ma-ss .string to fie absorbed r>y the positive mass string. 


6. Engineering Details Remain 

Considerable engineering challenges remain unconsidered. How do you make cosmic string? 
Once made, how can you control it? Toe magnitude of the masses considered will be extremely 
high, likely to be more than the mass of Jupiter (positive and negad‘/*>), and possibly considerably 
higher, in the stellar mass range. Controlling such masses, and pha ring the emission and 
absorption of energy by each string, presents a considuable challenge. 

Likewise, physics details remain. If cieationof cosmic-string pairs is not forbidden, it would 
be expected to occur naturally in the vacuum, relea.sing energy. Since we do not see this, there 
must be some barrier to production of cosmic string pairs, perhaps i?: the form of a yct-unknown 
selection nilc which forbids this occurrence. 


7. Conclusions 

Cosmic string is a form of negali' c-mass matter that is not currently known to be forbidden 
within the context of the general theory of relativity, and that could, in principle, be created ftom 
the vacuum in the forni of matched loops of positive- and negative-mass ^oops. Su''h negative 
mass artifacts could be u.sed for reactionlcss propulsion, as discussed b> Bondi, Forward, and 
Alciibicrrc The engineering challenges, however, are daunting. 
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ABSTRACT: 

The mtrfy density of tiK zero-poiM flnctMtians in a region can be invesaigated by nMasnring the Casinur 
force to nave a surface in the regioa. The .Atomic Force Micros<m|ic (AFM>. which is based on & very sensitive 
■ncroiriirKatsd beam, can be used to mcasiire the Casomr force. Mkiufatoicaftcd stmetares, made nsiag 
sikon ancroUbricatioo iechnidngy. with snhnncraa tokraaces should provide adva...iges in the inveshgatian 
of Cashnir forces and the engineerii i g of surfaces to contrd •acaun energies. 


1. INTRCHHJCnffiS 
a) VacHian lareigy Density 

The measurenient o( energy density in the vacuum tlucruatioas of the zero |»in! cIcctromagnerK; field is imponam for 
several reasons 

!) Vacumn fluctnatian phenomcaa arc predicted by QuaMuni Electrodynamics (QED), which is the 
most accurately verified theory knovm to .scientists. QED has n;adc prcdiciions of energy levels (e g Lamb Shifr 
spiittoig of 2s 2p levels in the hydrogen atom), magnetic moments (spui-orbii corrections to g-factor), and radiative 
corrections to scattering cross sections to an accuracy of better than I pan in 10*. Thus wc have an accurate and well 
accqitcd theory which can be used to guide cxperimcmal efforts, and to provide a comparison for our experimental 
results 

2 ) QED predicts an enonnous energy density of the vacnun, tois of orders of magpiitude greater than 
the energy density of matter. The ahihty to transfer energy to the vacuum fluctuations at even a small fraction of 
this enormous energy deasity could result in a major scientific and technoiogical breakthrough. In (act. QED predicts 
an infinite vacuum nuetuaiion energy density The energy can be made finite only by invoking a short wavelength 
cutoff. One very awcscrvative choice for the shon wavelength limit is the Compton wavelength of the proton The 
resulting energy density is about If)-’* joules/cc. To ^rccialc the enormity of this number, note how large it is 
compared to the chemical energy of a fuel, 1(T joulcs/cc. to the energy density of matter, 10'* joulcs/cc, and to the 
energy density of a nucleus, 10-’* jouies/cc If the Plank length is taken for a cutoff, as is often suggested, then the 
vacuum energy density is over 50 orders of magnitude «realcr’ 






in formal QED conqxtfxions, often this divergent portion of the energy density is removed by v m;"s ad 
hoc mathematical techniques (Brown and Maclay, 1969; Ambjom and Wolfram. 1983], and only the cfarnges ii. the 
OKiiy drasity of the vactaan fluctuilians ue conqnaed. 

3) IlKre are systeBK in widdi the vaciMM fluctnatioB flcUs can be altered and controled, wliidi 
suggests that engi n eered devices are ponrihlf. The most notable example is d.‘ Casintir force, which is the fince 
between two conducting pl«es in a vacuum that varies as 1/d* and doounates the force when the separatioo ts 
subinicioo (Plunien et al. i986| This force has been observed expetimentally (Lamoreaux. 1997|. The (Hesence of 
the Casimir force is prexlicted by QEO, which is us'jd to compute the change in the vacuum energy density due to the 
attenuatioo of modes because of the conductive plates. The fmee cat be interpreted as arv.uig because of the lower 
energy density between the p(^. In geoerai the vacuum fieid is altered by the presence of any material that alters 
the boundary conditions of tte electromagnetic fieki. 

4» The CasiMir force and other fluctuation phenomena charadetistic of the vacuum photon lidd m^ 
be v«y usefW hi new eu g i n fer ing appB ca li n n t . Enngy cm be extracted from the vacuum by letting two 
attract each other by the Casimir force. There is the passihLHiy of revoimionary new technology embodied in 
microdevices exploiting vacuum fluctuations {Forward 1984; Sihvastiva et ai 198S]. The applications may be broad 
in range 

5) Supporting "enabling'' t echn ologies have d e ve l o ped that may be very useM m exploiting vacuum 
fluctuation phciwi me n a, m p a rtim io r the r*- ilutioa ir. unmorabricatioa tec h n o l o gy aflows the economical 
construetka of pmedod devices whh subir.icron accu.^. At the Microfabricaiion ^iplictfions Laboratory 
(MAL) at the University of illnois at Chicago we use aniso'i .. etdiing md micromachinii^ of silicon to build 
electhcal. nwcfaanicai and electromechaiical devices with mtcrt^i sizn) dimensions (Peterson 1982). It is with sudi 
devices tha we expect brcatahrcHighs. 

6) Vacuum fludotlon phenomena are very geaerd, md arc predicted to occur with ai fields, 
indudhv pholou fkhfe, efectran-paEilion fields, meson fleids, etc. Cotain general results are etqiected frmn the 
study of fluctuation phenomena. The photon fidd is die proper field to study initially since vaciaim flitetuations of the 
photon fieid will have experimental consequences tha are the most easily observable. This is true because the photm 
has zero rest mass, consequently the dtredidd energy to create a photon pair is very low cotiqiared to that required to 
create an ekxiron-posiiron pair Useful concepts and devices for phocon fleids may one day be tqiplied to other fleids 
as techndofy progresses. 


hi Use of the Casimir Force to me a s u re vacuum energy density 

RigMOUs coinpuUtion.s of the change in the vacuum energy lens , for different geometries have shed some 
li^ on the intcTpretation of the vacuum energy density and the Catimir torce. QED calculations have shown that 
Casimir's model of the force due to vacuum fluctuations was mislading in its simpliciiy. and that it is probably 
through serendipity that he obuired the correa result. For example, based on his simplifled model, the Casimir 
fcn-ce between two conducting surfaces of arbitrary would al vays be attractive, no matter what the specific 
geometry However rigorous flcld theoretic computations predict that both the magnitude and direction of the 
Casimir force is strongly dependent on the specific geometry, and is lepulsive in many cases. The Casimir force on a 
sphericai conducting shell or a cube is outward, not inward (Boyer. 1968; Milttm, DeRaad. and Schwinger, 1978] 
Table 2 shows the variation in the magnitude and sign of the energy density for several simple geometries. 


TABLE 2. CASIMIR FORCE FOR DIFFERENT CONDUCTIVE GEOMETRIES 









As the relative dimensions change frcrni a cube into an infiniie parallel piMe. the force ctianges frmn a 
refnilsive force to zero force, to an attr«:tive forcefAmfyom and Wolfram. 1983}. Figure 1 shows a contour plot of 
the electromagnetic vacwim energ> demity fw a perfectly conducting a, x a, x a, box In the region with a, = aj = 
a, (near the ongin) the energy density is positive and a maximum for the cubic box. When one dimension, c.g. 3), 
becomes equal to about 3 3 (a,/ai = 3.25), then the energy density is zero (dark line), i.e. equals tfte free field density 
with no surfaces present. If a, increases beyond 3.25a„ then the energy density becomes negjuive. The infinite 
parallel plate Casimir force as computed by Casimir or the Ufshitz equatioi. represents the asynqxoiic case where 
both aj/a, and a,/a, are very large. The Casimir force wouki tend to deform an incompressible spherical *b»*ble" 
widi co«hict-vc walls into a long tube (with the same volume), thereby minimizing the free energy of the system. 

The <Htly theoretical prediction.s that have been verified arc the I /a* dependence of the Casimir force fvir 
parallel plate geometry. Experiments are needed to measure the Casimir force between metals at submicron 
separations, and for regions with different geometries, with positive and neptive energy densities. These 
experiments will lay the foundation of knowledge required to develop devices engineered to exploit the vacuum 
fluctuations of the electromagnetic field 


c) Use of AtooHC Force Microscope to measure Casunir Forces 

Previous e.xperintenters have relied on custom-made instrumentation, with relatively large conqxxients to make 
measurements of the Casimir force in the parallel-plate configuration. Wirti very few ancn^ made at measuring 
Casimir forces in other geometric configurations, much of the theory remains unsidistamiated. What makes such 
measurements more difficult than those of the parallel-plate Casunir force arc the extremely small dimensions of 
Casimir structures required, and tl« instrumentation challci^s associaticd with proper alignment of such structures 
during nteasuremeius. 

The Atomic Force Microscope (, .FM) integr^es a number of features essential for measurements of Casimir foiccs 
in tite parallel-plate and in many other configurations. These features include a mechanical force sensor with the 
necessary sensitivity , capability of detecting the mcchanicai rcspoiuie of the f(»cc sensor, fine-positioaing ca|»bility 
with exueiitely good accuracy , and built-in comroi elecirmiics necessary to control the separation between the 
elemeiHs carrying the Casimir-^tive structures. 

The force sensrx in an AFM is a cantilever beam made using silicxxi microfabrication technology. The beams arc 
typically several hundred micrometers I'mg md about 30 microns wide. The deflection of the cantilever as it is 
sejumed over a surlacc is 'ncasured by reflecting a laser diode spot <rff a reflective surface tm the cantilever. The 
diode strikes the .surface of a photodiode that is divided into two (or sometimes four) sections. The change ui the 
relative curreiit from the different sections is used to mfer the caiailcver deflection (Figure 2). Dcflecticms of one 
nanometer can be readily measured. The AFM can i^iate is stalk oi ccmiaci mode, or in taf^ng mode in which 
th' is oscillating. If useful devices could be made with AFM methods (e.g. vacuum energy monitor or motori 

th 'con mkrofabrication technology cmild be used to make the devkes. 

UsiTt advanced MEMS fabrication technology, AFM cantilevers with atto-newton-per-meter (10-18) spring constants 
have rcc. .ily been fabrkated at Stanford University. Althou^ such force sensitivities make the AFM cantilever 
extremely suscepiibk to thermal noise in the environment, current commercial cantilevers with lower seasiiivity arc 
routinely used to measure sub-nano-Newion forces in Iaboratorie.s 


2. FXPFJUMENTAL DF^IGN 

We have used a commercial AFM (Digita: Ins«rumenis NanoScopc MultiMo(fe( AFM) for measurement of the 
Casiimr force in the parallel plaie geometry To work around the problem of maintaining two flat surfaces parallel, 
v/e have used one flai surfaces and one curved surface, whkh in a small area of a hemisphere approximates a flat 
surface 



In one of our experimems, the flat surface was that of a mMal-coate 1 AFM oaitikver wkhoin the iiuegr^ed sharp 
tip, which in nonnai AFM caittiievers is used for topogr^tluc inu^it g. In this experiment, the curved surface was 
that of a ball of mercury, which we deposited on a metal-coated subsuate, such as a silicon die. 

In dte other experiment, dte mercury ball was attached to the AFM n icro-cantdever. The meroLy-loaded cantilever 
was that held ^love a metal-coated, flat, smoodi staface, such as a die from a polished silicon wafer, or muscovite 
mica, or highly wierted pyrolytic graphHe (HOPG) (Figure 3). We have used cantilevers from 150 to 450 
micrometers long and of var^Mis materials to control the force ernstant. The mercury balls are uWe <m the 
cantilever tips. 

The separatkm between the surfaces of the Casimir-aoivc strocture;; was varied by raising <x lowcrii^ either the 
AFM cantilever or the substrate. Coarse posnkmti^ was done uting a stepper motor, which moved the AFM 
c«)tiiever, and fine positioning was done using a piezoelearic elemmt, which in principle can move the sidistrate 
with sub-»gsirom r^utkm. Since we did not use any feedback to CDntroi the sqnration, we did not take advaitfagc 
of the sub-angstrom resohtikm fine-positioning capability of flic AFM 

We performed all our experimems in vacuum, at a pressure of 0.1 airiosphere or less, in a bell jar. 


3. PRELIMINARY RESULTS 

The siiu(dest measurement type wfaiefa the AFM offen is flie simic dcflecticm measurement using the 
RMCc-vcrsus-Distance (FD) curve. This is shown for an experiment in which a mercury bail on die end of a 
cat^Jever was brought near a polished silicon wafer (Figure 4). The :sitilever deflection is {dotted akx% the vertical 
axis. The abscissa is ihc separmion betwemi the caiUilever and die substrate, which is varied by piczodectricaliy 
moving the substrate i^ mid down, which moves the sample closer o and fartter away from the AFM cantilever. 
The pomts on the far nr*- correspond to the largest separaimii 

The curvature seen in Figure 4a indicates the presence of a force. In diis particular experiment the force {mived to be 
due to the presence of stmk charges on the orfeces, even though metal-omed subsumes and cmitilevers were used. 
After prop : elecirical cormcction was made between the surfaces, th- flat, slight’y tilted, force deflection (FD) cwvc 
shown in Figure 4b was obtained. The dis^ipearance of the force ciusing the curvature indicates that the force w;^ 
primarily ’^c to static charge. The separation between the surfaces was several microns at die closest approach so 
the CasiBiir forces were small. 

e suspect th ‘ even with the proper grounding' precautkms tak:n, the contact potenUal between the Casimir-active 
structures will contribute a pur*!y electrostatic con^ioncnt to the fma measured. Lamoreaux has recently shown that 
it is necessary lo offset this (.*,.4iact potential in Casimir force measuenKnts fLamorcaux, 1997}. Some commercial 
AFM's incorporate the necessary hardware to offset this contact fotentia! in an operational mode called 'Kelvin 
Probe Ki.^ioscopy’ Here, the contact potential .s detected using a «ynamic method involving the AFM cawilever's 
fundamental resonance frequency, and a poiemial equal in magninnk to the contact potential and opposite in polarity 
is applied between the sample and the AFM tip during the imaging, n an experiment of the types wc have attempted 
will have the AFM tip and the sample replaced with the Casimir-active surfaces. 

The absolute separation between the surfaces is not known during tiis experiment, ihc change of this separation is 
Nnown. The absolute separation was later determined from the junip-to-contact separation between the surfaces. 
Thes was done by modulating the lelative separation by a known amount (typically about 1 licron^ter) while 
increinenially reducing the abrolutc separation by a small fraction o ' ihc modulation length. Typically the absolute 
eparation was reduced in incrcnieiu.s of 5nm to 50nm. The static ccflection showed on the FD curves and became 
larger with each uicrcmental reduction ;.i uie absolute separation. Finally, the sutic deflection curve sliowcd the 
jump to contact as the absolute separation was reduced to the point where the force on the cantilever was too ' ,’S 
(i.c., the spring constant of the cantilever was too small to hold the si rfaces from jumpuig into ccmtact) 

The .AFM also offers dynamic measurements of the AFM can ilever s fre-tucncy and phase respoase to an 



alteniatii^-cuiTeM drive voltage. This drive votuge is typically applied to a small pi»»eiectric stack which shakes 
the AFM cantilever substrate Dy a small amount. Near the camilever's rescmance frequencies, this motion is 
an^ified by the cantilever and detected by the split photodiode detector. The fretpiency and die amplitude of the 
drive signal can be controlled with good »£uracy, and the amplitude response and the phare lead (lag) of the 
cantitever's motion can 1. mea red very accunuely at a givoi frequenry. Also, camilever's response can be 
mcxiitorcd at range of fre<pie:«. , weeping the freqiancy of the drive signal. Attractive forces shift the resonance 
ftequcncy of the AFM cantitevxr to lower values {5], A phase shift corresponds to this frequency shift and both can 
be measured with ; e A. ;.' W-: have repeatedly and reproducibly measured such frequency and phase shifts of the 

cantilever due to e!“c ros -tic i teraciions. 


4. PROPOSED EXPERIMENTS 

a) Method to measorc energy density in p ar a Mclewip cd anitics 

As discussed in Secuon 1, the predicted energy density in paraileiepipcd cavities can vary from positive, to zero, to 
negative as the ratio of the walls changes. A proposed mediod of measuring the properties of these fascinming 
submicrrai cavities is shown in Figure 4. Using irtiotcdidiogr’iphy. we can define small rectangular regions. The 
depth of these regkxu can be determined by etching. By removing a sacrifK^ia] layer, cantilevers or suiic tnembranes 
are made that serve at the top to each parallel^ped regttxi CaliWaiion us obtained by using the same type 
membranes with different depth cavities or no cavity in the srilcoi. The deflection of the membrane or cantilever is 
determuied using AFM methods 

If the sides are in die correct ratio (about 1 1 1:3.3> Cie cantilever or membrane wrwkl tend to vilHate due to vacuum 
energy- variations with position The equilibrium positkM; wiHiid correspond to energy density equal to the free field, 
pewitive dcfleciioas m energy less than free field, and negative dcflectkms to energies greater than free field. 


b) Structure to meastire energy exetaa^ with the vacumn 

Figure 5 shows a mesa structure than could be used to measure dw exchange of oiergy with the vacuum via the 
Casimir force. The incvable frtatfOTm is design'd to be comroiled by etcctrost^ forces from four cafiacilors on the 
surface (used to insure paral'iciism) Gas pressure can be used to balance tlie Casimir force at separations from 10- 
1(X) nm (.See TaWe 3 for the relative forces). Moving mechanical microsystems wkb Casimir forces have been 
mottelcd {Serf)', Walliser, md M^y. 199.5], 

TABLE 3: Comparison of Castmir force aid electrostatic force for conducuve parallel plates. The frarccs arc given 
as a function of the plate separatior. ‘a’. The Casimir force is given in N/m* and lorr. The voltage af^ied is 
as-sumed to te 0.1 voli. and die af^roximate correHwndui? electric field is given also 


Separation 

3 nm 

CasinuT force 

N/m‘ 

Casimir force 

torf 

E-ectro;4atic 

Force N/m* 

Elec Field 
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1,0 
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98x10^ 

7.0 X iO’ 

10* 

10. 

1.3 X ID' 

9SU. 

70. 


100. 

13, 

0.1 

0.70 

’0" 

1000. 

1.3x10' 

9.8 X 10" ; 

7,0 X 10 ' 

10- 







4. CONCLUSIONS 


Atomic Force Microscope (AFM) methods hold promise as a ineaii> of exploring Casimir fcwces. Cotq^ing AFM 
inediods with silicon microfjd)rication tedmcdogy may be a realistic approi^ to vacuum energy measuremeMs aid 
may produce vacuum devkcs of interest. 
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Figure 1 Contour plot for vacuum energy density of a parallcicpiptd cavity with sides a,, aj, arxl a-, [Ambjom and 
Wolfram. 1983). 



Pholodiocte 


Fipure 2 Schemauc of the cptrating princif^e of the Atomic Force Microscope 



Figure 3a. PN^apaph of a cantilever 225 inicromv ters long «<:th a 150 miert meter diametc' sjrfiere of mercury at the 
end. "The tnci cury is held in place by depositing a gold layer at the end of the cantilever 
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Figure 4a Force Distance <FD) curve in the preserve of exces: electrostatic charges ‘Fhe deflection of the 
caTMtk'ver with a rntTCurs’ hall ts given as a furiclkin of the distarKe ot a polished silicon wafer t» the cantilever 
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••igure •ib l-rtrce DiMamt- <¥Di curve astcr itw eliniinsrti«i of tie ekwr<Biatk charges, 

Aleasure IkTorniatiim by the AIM 
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Figure 5 Skle arid wp view of a prupwl mcilKid m fncastire tht 
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i energy dcrtsiry of paralJcfcpifxjd 

1 cavities 




Figure 6, Moveable Casimir mesa struemre formed from 2 roicrotnachined wafers bonded together. 
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ABSTOACT: 


G 


O&e coac«i)tv3l A«tb)4 ot' vtiiizia^ Z«roPoist VWvvm Flujttuj’ioa E&tffnr (ZPF) it ii^er^eUif k to tLe 
iPE tc "pvaf■■ * g»s Of frse-elKtTOB bs«r. S^tsttafi. a»«ieo#»a ii ik* istefioa p?t'sw» of {l»e l>5*r- 

«mJtt<'l pkKoa>. V*5t4 ktdt is hv bjer wdl:;, T\kk k $OB$tn.Aei of Iov;4ea5iri;. poia: 

mttfftti. I>4«ekn«wa rtfnrts titkr tk \>m K' k a tvt^s^ or ci a mr^etie-fiiiU kaic% or 

“ Ifotrsteinstio 4y»j»i?s «* 4erlTR4 tat «ie4 ro 4Stiai«« tfe rmwl rane to v?rMiits atiriy stsr:« ». 
ftwKioa of ZPE- retetor sywifot aass U 5 « of “R»soa»Mii" vsiuss fw :pte*e«ft msis, ZPE-«».»ctor yow, b^«r 
^kuaty, w?U atacrini al thietair$f, tftkKty M of ZPE-kser operstica lal fecekmtioa ti&e 

ww»L thi« tk ZPE-l»:'<r tm i^rtiflv etftftlfk r»i^ of i'^astrajoir jMk. Vtry optiai.-fK projectwss for 2PE- 
>«e£t;?r zfitnik m-ass iaiiaiit tkt ou-my trawil to tk Alpha C«itatn systfOL vichiii ». kuba lifttimt may act he 

uaf«:'5ilils 


Introdection; A Spe>:«lative Possihilitj- 


Ow Muw ?« may hs.w heea crentei from » ;tiiiliz44 lywBm-fe’fti fbrttBtioa la the uaiv«';al ¥«v.«» that eosmxtl 
"wtwd ph«ote" a*o ''recJ photoas" A a«mher .jf r!ie»chsr> kve rwemly i+opo$e4thtt S may K-t k imfojsihh for 
hm*a teehaobgy to ohtija zerci-poiat ea (SrEj from the yjdvenil t»st ym [1-3J 

Aiiomohoy; heM has kea firoiaeei ia eetf aia hiiro^a-baiei eleotrol^ «eQs roitroM «oa£»ioas sai repr^ei 
hy seversil lalefeakat lah^ones (4A]. A possihk e^ykrtatioa for this pi-taorueaca is soaohmiaescea't«~<o«ml- 
4i^a ps hahbks i& vuv have beta ctbstrwei to emit yyls's of Hhranokt raliatioa with a 'Rty hijh bbchbohy 
teliptr«yf». 

A very pr ’'c-;atm lead .watroversttl) theory has nweatly kea proposed thai ettjlaias soaolymiaesr-ewe as a ’dyaamiif 
t^asimir effect/' ia whkh the rapidly oscilktiaif somrl-Myea hahhle totnns vhtwl vacyam pho'oas to reel photoas, 
offeitk? the p*)ssihilify of yaiversal, "free" eaerfy ia the form of yhrayiokt phJtoas I?-9]. 

S ccafirmei. rack aa eaer^ sovrce atovU k a majm hooa for iaterplaactary aad laterstellar spare trarel. The earliest 
propo-sed iatet^tellar ZPE applkatioa (to this amhot's teaowkd^) wis tht ^ttaatam n&i*: [10,11]. Il cveL - . iff, 
istectellar »as are colkcted ar reactioa mass hy aa electroma^aeti; nuBJcooi" (12] rad thea accekrafed. • 
ohfaiaed from a hypotheticai 2PE-reacfo». Alltkta?h the i«aatya ramjet tyould ht;pot,h«tK»lly he capaile c-f rektivistic 
velocities, its peiformaace ’K-uU la practice k limited by variatioas a local atersteilar aetota's deasity 

Vtile prepaniu^ his receat .'■•:iea;e-fiinioa anvel £»r-.Tjj^A'w£tk Tif-jr (Vjraer, t^Y, co-i»i<th<Med ’.nth .Tola 
Earaes, Apc<Uo 11 artrtiarW. ty. Buzz AMiia challea^d thy aWhcw to develop the concept of a. ao*-jmp<>ssu>fe v*ty- 
hisfh f*.r(oi:bjMt spacecraft that docs aot require the fkomovs espease of antimatter sorf is free of some of the techai’al 
problems ''f the tmie’. 

la respoase, this antLo*' yioposed the ZPE photoa-drive, ia whitk staiilized mutim-deti’/ed pliotoat ate ajected iato a 
ktvv hitt aboard the ;paf?ecrift The spa..?ecraft i: propelled thro’i^h iarerstellv space by the rsdiatioa pressure of the 
emitted laser beam TLL y a aja-atwlear vetsioa of the laser propiflsioa system coasiktied by Matioff aad Chiw. ia 
; .70 f!2! 
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rfe WJ |<«(0rmiiK4 of (ke OedoB^i sorUfr tots bm vttm fusikk, itasoMkk 

tfPi&HWBs tor ZPE-««ietor rfwrtk aifs itml th«t tW ntgt ot tkc 'lOCtMwir Mk' u crtitW ow &«rkM- 

f«l5r or rolar-ful wnoi5 As ik>v& tt tk folbwik^ iBnlrsis, 'f*r* offmistK 2T2-rn^<A s^<;itk-ti*ss 

j>':«&ftioiL a^v rikxi? fot om 'X-.y mvrito tke stir; 'fitkiB* kui»k lif<Kia« 

PrclUiMrj Dtstga C«a$ Itknlioas for tik ZIE Pliok>a Driy« 

F 1 ^:4K; I scbcaitu la^nia of tk ZPE fkitoB 4hy» < owtft. Ztrc>-)Oiu is ly RWtc>r E oA 

«»4 to |>«a) fts k«r L. Soa« of tk ZPE (loa S tkiyfon if)«tn a tk liMr ikctoB stma P, tk Raidikr i$ 
•»fiite4 K kK *bmvT (KHE) tlny^ tk calls of tk cylialrktl kcr niUk* B«ckti-)ro)«l:io& (rofosals, 
k«Uui$ is |rtsia<4 tc k natttrstrf ktwwa ZPE rtBCtor ry t«a tiA tk kaa&^cHyki kkitat H As 4revss<f 
kbv, cyi^«b u I. sia«4 to k tk mil aiforai 

Tk toui mass of tk s|«c«cnft u |Rs«a«f to k a tk 11^ -10^ kq Tits is vtha. u orfer aasiitak oi 

tk aenokaass aDotatit; of Fonnrt, MtkfEMaQoTL, ak '^aliik [16-18). LasaractiomcoaMk stirtk from 
Eutkorkt AtonantRiy, a kypaitkk. sobr sail ak a ck>« {ari kaoB pass eoali k tt»4 to coaatata las«t o^anoa 
from aa latal vtlocity (▼«) as k^ as aka 0 003c, vkrt V is tk s|*k of luk [1‘ .19) Tk bsar is assaak to 
oftHtt ak fTOTilr coastaat starskq accalmtioa anfiltk syacanA coa tcaces kcckntioL 

I>«c«knlwa *f tk kstiMfka sokr >yst«a f«fii«s tao sta^H. For kcakatioa froa 'araiaal alocity to 0.002- 
0 OOk, a aafsail is ask to nOKt nuntdlir ioas [20). Fiaal kcthmioa to (laictirT ydocfties atO^s tk ZPE- 
faaik ksar faiif ktr tk skp is retilk 100 4to^: akaraatmty, a sobr sail is aafarik akOatctk (oanrb tk 
kstiutioa stu (21) Tk Rfnirk kcclmciDa tia«, q is cstiaa k as 30 yors. fT tiats aaek totqtr tka tk > 
Diasiictk kta w« toicRilk, tk si«ctcnft coaU k rotatk 100 Ie$yc45 at tk kJf-oy yoiM ak ZPE^aayk bs«r 
raOkioa «>«4 r'or t !» «arir( kedanboa ynwass.) 


Dcrfy^tioB .>f (NtarfoBiaa) ZPE Driy* KiikButks 

Excryl arka otkrmsr aot«4. all juadtas la tks aaalysis m a MIIS |8I) auts Tk liscvssiioa of ZPE kanAHv: 
kjfias antk tk kfiaitioas of tr«taia fuk^: 

Mg = ZPE taactoi mass , K = ZPE rsattw sfrcifk aass (kwfkgj 
PS = ZPE laaetor |ow (anttsj = lOOOKMg T) * ZPE lastr aflficKwy 
Pl =2PElas«rioaRr = 1^= lOOOKTIH]?' 

Pwi - v»s*t kit rkkk ky ZPE hser = 100 )k( I -T))l^ 

hi = iasar fiajBtrtr, Lj. =las« ka^k. pL=l sar wall kasty, tL= bsar tkekar;; 

Al = lasw IcyliakicaO ana = HDlLl 

P5. = lasar aass = r IIDlLlPL'L [No*« Al= ML;(pi,tL!] , Mfl = kFit« mass 

='irastckat (Wxrkiirk laser walls (wi'tsta^) = ?^Ai - lOOOK(l-rj)HRpLtL^ML 
? lasat wall aAarial eaishvity, T : Ls*t wall tea)«r*tat* 

•7 = Siefaa^kzaaaa coastaat = 5.67 S 10 ^ (MK8 aaits], c = s|«k of b^k (3 X 10^ a^sKl 
• ntarstellar trtasfei tm«, yurs, To = skiy TtlocCy tt start of ZPE laser oyeratKi fnrtioa of e 
4iv = iistaace trawM fatia? ZPE-bser oyer. t»a, li?to yiarr 
'4 - kceleratioa tae, yeirs , Tp = yeak s irsMy nlocity, tHftioa of « 

Tk first stey la tks iermtua is to ayyly tk Stefai-Bobraaia Lav to tk waste kat ikiatel tkoafk tk laser wall: 
Fwl - "tjT^ Saistaiitui^ aaf‘•irraa^ia^, tk laaeraass is 'xyresseffasstniai^ ao waste-kat radiatkatkoti^li lasw 
eaieaysj 

Ml- 


II) 



Apflyliff fto ifs-iliii fcf jimkmi.it. fke »0M«te:ivi5fK spacwtjfr »ir.>j»»riMji (tw/*) 

4ww o^tfiot if tx|t«vf.«4 *i P^i Me.', wkn i> *b> total ckif mii>< Totvi vkifi is 

}gn3kctcn2«4 Mj = Hji + -t^ Ml • k»>irat aacj If w at'J Wim 4vj/* nr tfce sip >w»kt«iot 

a ttltj ..t Eiitk :Htt9.> i?t or IrKtiou ol 'p«4 of bgl# Ifsoiy^. 

dlJJg _ IGOOtai' _ 

y orf$oVp*ir (2) 

EWm^ttanF kiatm^Kf c*i k »ppltt4 to 4(n>« aftfsklbr ttu>f«t timo for ’nrionj istewtllir trtwl tctsjtfos 4ii,, for 
tk CUM ‘if »t iutfil v<l.i«it.y <4. tit :t*it of ZPE l*s«r op«ri^i>t Yo tal». kotktxiot tiii<f of tj ptw'; 


nXWtffl -1|) 





FiasJlw. tk p»sfc rtsrrldp wfocitr c»t k tspres-ri: 


tlp = 


du. 






fsol. 


H) 


M^ifir pt.w*Miiij Oi fwtkr fesi^k tttli^is ul rigwo»i caktbtiok; vsr^ tk rk-w fonuLts, it ij ustrwtiY* f.;. 
»ppr.i!MiM«l» «x»&w tk «u» .if *. 2PE-Ji«r stirskp it wikk tk kkiM kiss oA ksor a«ss tn toyntkr »io« 

2015 of tk OMil skip mis; SiikstitYtu.? Mj = I 21«^, Ei {Sj is t*pl»»i ky 4vj/* = 2.83 S lO'^KT] {•? oi fsol'pij 
For ? 501? bisw ^kkvy, sttrskip jcetkratiot is i.ppioximkriy 1.41 X 10''i{ (? w fsoVyil. For nh i.i«feritiot of 
ik)« u (11)014 7 , Ik ZPE^^»tfor ;p*c«itf mnis ar« k ikti 1000 kw/k? At iswbmiot of ikm 0 014 ? te.ifjtri i 
2PE-tricfor sprtifi*- mss of IM^ krrfk? 


Laser and ZPE Reactor Desig^n CoKideratioas 

f 5 X lO^i^ Wilts m gYMntta ky tk 2FE rtirtor iti tk Usrr rffinracy is 501K, 2.5 X 10^^ wkts of wist* kit mist 
>• ri4M*4 ky tk l*s*r wills ft L< JSS«A«< tkK ill wist* kit is ti.)ij«*4 tkro't^ tk rfhttrvjl wills .if tk bs<r ii4 
»*» tkoH^ tk listr ritcips (mifrors) It iteiia? wki mmtnil to fotstrwt tk lisir wills from, w* ipply tk 
folk-YW rnttrii 

llj arndli'^ vfJls m pf«treral<le I'tfxvs* m aj^ht lit* to trjasfrr k.-x from Itstr atwlor or ZPE tractor to 
las«r wills, 

(2) I ki^k m«kui 9 pout attil is re^rdrri to miumiz* bsrr will mi. 

(31 tke will miKnil ;p«cific gn\vy sko’iU k is bw ss pcssU’k 

From Hie»:k.i4i/-rs.4iitiiii tkoty [22], it is *iiily skov.a tkit iit ck-isiK will mittriil, m tt>ivin to 
auoam rki ptic.4«ct c4' will aifrruJ speefj.: griYSy iid tk avrr;* fowtt piiw-r of tke cuklidate will aitenal’. 
aefta^ poat 

Eefeirasj to tk TfCm^atry mi Phyxs (23), ciki4»te l#<*r wall aiieniis iwlvk aolykdemim, 

ittt)ki«tt, osmiva, rkenivui, tiatiltai, isd ttowstea Twi^steit is superior a li?kt of tke selectioa prores: outliaed 
ltd Ye. Tk; aetil ks #. aeltUisT poat of liont 3670 K iiA i specific ayivity of 10 3 



WtiiHitiig 1*^ vnll t<mp«ntw«s d 3500 F., «» * <3E}T-15-C n^iot ctkvbtor (iescnM it B«f 30) to 

\<nn tb* ihk cjUtlhftl wulk m«t tB« ».5 X10* 'r«tf*2 » ktt* (IfeittVid nj>3ts »r* okuiiel 
ky tkt St^-SoIUiLtt Uv {32]). dhit lOM of tk 2 5 XlO^^ ytm of v*$t* Wit i; r3iiit«4 ly 

iifcr «Wct|s, tW re^«M iri of tW W*s cyltilrieil mlk is Wott 3 X 10^ 

Asswau? (soBttrtit iri^imly) tWt kstr k^k L is lOX kscr Inmittr D, tW i«i«n4 (q^ikkieil) kstr 4ift«isK>»s 
for «Mr^ «»issuk inD ^lOOkiWL ^ 1000 m. If'm «0'4Stnia ks*r tmU &ass to 3 K10^ kg, tkt tkxkktss of 
rw t«igst*a ]i>5*r wiOs will W *ko«t 5 miooBS 

Akkoitgk mttiJlK iistr vulls conU c<rtuily k» tkiuir tkiB tkis. tW lii$<r m*<s ilWBtK &«>tioM4 co«H iL o 
iMhW kcK tn*sf«rriBglyyintis. If 1 1*3 g sokr ytriWiiDB is to Mkkvx i sokr-systtK 

tKkxdty of tk>« 0 003« Mon co&»taMK«it of kscr o|«ntx>i, tW Itscr vottJl iutiilly W iis«ss(Wkk4 a*i voidl 
W <0ftstnKt«4 ift«r tW cnft Ws Wpirt«l fmm tW sokr system. 

TW <ral«a« of tW ksM einty is tstimit*4 is 8 X10* ay, vkkk r«>«ks m i ks«r uttful yoew -kKsity of akoit 2 
X 10^ tntt/m^ Tkis is wt tissimikr bom tW yover ktstats of some arty COz ksers (2'4]. 

V« MS issvtt tWt tW bsw g»s Wisity is 10^^ kgfm^ itkost 10*^ of tW Eaitk's gi iiAJtvel ttm'OsyWrv Wisity). 
8iB>!« 1 itmcTfkm ynssm ^ 1000 Totr [25], tW g»s jnsvm it tW 'asw runty nyyr jimilcs 0.01 Torr R«f«nfen 
'<> 1 kstt WAfikook t»«»ils tWt misy (OKiBW«s-«»v> (CV) ksrr ousiuoiis ociw m g»s presswes kk taUke tWs 
'nliwi26]. TWmiss of tW gis rtfo^ to fill tW User cunty is kyyroximittty 100 kg, so tW sywecnft coiUctiry a 
imyk imotot of sym gts. 

TW WsigB of tW XPE nictoi is, it tkis time, mark mon sytcvlitm tWA tkit of tW ks«t. Akkov^ tW eonnyt is 
tWont^^nJly t u t ii gu ig, ei^eraciul roifnitiom kas aot yet Ins ackicM. Em if » esycrimcWil coafirmatioB of 
ZPE is soot iuotac«4, tn m still i nty losg v >.7 bom tk cTickm, lov misr iik wry rebikk itriets nctoiM to 
yroyel * big4w»tioB iit«m*Ilir Oi^ 

TWnfon, it tW folloviig iwlysis.» koatM ZFE-rtwtor syecifk miss is issvmed. TW lowest roetor syecifk miss 
eoBsiimf is 100 kvfkg. iko«t tW stmt is ib effiriot ikiB-film sokr sail ii EmWorkit, otitBtef Bormil to tW Sub 
[27]. TW ki^BSt metor syeeiQr miss eoBsileni is 10,000 kw0:g, ikoat tW same as wry opdmistk yroftotioBS of 
wry ahuM., k^^ w Biekir fksioB metors for space apf 1 catioB [28]. 


CoiKivs!<>■$. ZPE Pholok-Driwe PerforaiMce 


Usag a Symkolk AlgeWa softwin package (MatlCai Et^iois {1-^ mn sobei for a Btmktr of ZPE starskip 

coifigwatioBs . Some results an freseitef ii Takk i, foi a 50tk kstr effickBcy, > 5-mKroB teagsttB laser wall 
rkickBtss, a starskip wlorty at coBmeBcemeat ol laser operatK a of 0 t)03f, a 30 year 4ecekratioB time, tti a kakitat 
mass of 0 1X ZPE reactor mass 

IB all eases, laser maiss is small cbob^ so tint tW aceelantioB ipyrozimituB at tW eiA of tW EiBtmiliir-s SeetioB is 
close to tW eompate^accekntioBS. Peak wloeitMsfortW 10,0)0 kwfkgeast an tespeetnely 0.100c, 0.175c, ibI 
0 203e for trawl listaaces of 4.3, 11.2, tti 21 ligkl years re$i<e-tiwly For kigWr ’.'alws of reactor specific mass, a 
tebtiwstic kuematic; ktivatioB viU ke atassny 

CoLsiitt, fot esample, tW case of a 2 X 10^ kg ZPE-retetor m iiss aai a 2 X 10* kg kakiut mass For a 1000 kwfka^ 
reactor si>ccjfic mass, tW competed laser mass is 2.0 X 10^ kg TW total power ge»en#ed ky tW re«tor is 2 X 10^^ 
watts, akoW etenealear to tW total pnseBt-daw terrestrial eiergy coBseoaptioB Tfcis craft restates 240, 304, aid 535 
ytirs of trawl time to nick destiaarioBs 4 4,11.2, aid 21 la^ years distaat Laser dimeikSioBS cub W cakejated esiag 
tW resnks of SeetkoBS •? »Bd 4. 

Ew& kawer nlws of reactor specific mass an etsefel for tmeBdiag tW raage of tW *1000-year ark”. Bw tW k^Wr 
wines iBdicate tka? oae-way trawl to tW manst star wtkiB a hetmuB lifetime may kot ke impossikk, if aa efficieut 
mi low-mass ZPE nactor cm ke dewloped 
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Figure 1 Schematic Diagram of 2PE Photcn Drive 




RHE 


R=2PE Reactor, L=i 0 ner, P=lasf r photon stream, 
RHE=radiated waste leat, Hrhunnan space habitat 


Table 1. Performance of 

ZPE-Photon 

Drive starshiDS 


K (reactor 

Ml/Mh Peak Acc 

Time 

to various Stars 


3pe<:ific mass) 


«. Cent (4 3 tyr) 

1 i>ti ( 11.2 It yr) ^ Hyrd (21 It yr) 

100 kw/kg 

0.0014 

13 E-Sg 

607 yr 

1056 yr 

1496 yr 

200 

0.0026 

3 IE -5 

470 

790 

1104 

soo 

0.0071 

77E-5 

326 

532 

731 

1000 

0.014 

15E-4 

249 

394 

535 

2000 

0026 

3 .OE -4 

169 

293 

393 

5000 

0.071 

73E-4 

1.35 

202 

266 

10000 

0.14 

1 4E-3 

107 

i:.6 

203 


The initial velocity for the configuration inalysed is 0 OO 3 c, the tungsten 
laser wall thickness is 5 microns, the lase' efficiency is 50 *. habitat mass is 
10 % of 2PE reactor mass and a 30-year d«eleration time is assumed 
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ABSTRACT 

To travel to our neighboring stars as practically as envisioned by science fiction, breakthroughs in science arc 
required. One of these breakthroughs is (0 discover a self-contained means of propulsion that requires no 
propellant. To chart a path toward such a discovery, seven hypothetical space drives are presented to illustrate the 
specific unsolved challenges and associated research objectives toward this ambition. One research objective is to 
discover a means to asymmetrically interact with the electromagnetic fluctuations of the vacuum. Another is to 
(kvelop a physics that describes inertia, gravity, or the properties of spacetime as a function of electromagnetics 
that le^ to using electromagnetic technology for inducing propulsive forces. Another is to detcimine if 
negative mass exists or if its properties can be synthesized. An alternative approach that covers the possibility 
that negative mass might not exist is to develop a formalism of Mach's Principle or reformulate ether concepts 
to lay a foundation for addressing reaction forces and conservation of momentum with space drives. 


INTRODUCTION 

New theories have emaged suggesting thsa gravitational and inertial forces are caused by interactions with tlrc 
electromagnetic fluctuations of the vacuum. There have also been studies suggesting experimental tests fw 
mass-altering affects ^ and a theory suggesting a “waip drive.” ^ With the emer^nce of such new possibilities, it 
may be time to revisit the notion of creating the visionary “space drive.” Space drive, as defined here, is an idealized 
form of propulsion where the fundamental properties of matter mid spacetime me used to create propulsive forces 
anywhere in space without having to carry and expel a reaction mass. Such an aclucvemcnl would revolutionize 
space travel as it would circumvent the present constraint of requiring propellant. Without such a discovery, human 
interstellar exploration may not be possible. ^ 

One of the missing prerequisites to achieving this breakthrough is having a starting point for the research; a 
description of the specific problems to be solved. Widioul this first step of the Scientific Method there is no 
framework against which to assess, augment, and apply emerging science to the goal of creating a space drive. To 
provide such a starting point, a variety of hypothetical space drives are presented and analyzed to identify the specific 
problems that have to be solved to make such schemes plausible. 

PROBLEM FORMULATION METHOD 

A NASA {decedent for systematically seeking revolutionary capabilities is the “Horizon Mission Methodology.” * 
This method forces paradigm shifts beyond extrapolations of existing technologies by using impossible hypothetical 
mission goals to .solicit new solutions. By setting impossible goals, the common practice of limiting visions to 
extrapolations of existing solutions is prevented. This method forces one to look beyond existing methods and 
specify tlic technologies and sciences that are genuinely needed to solve the problem, whether the solutions exist yet 
or not. 

The theme of the Horizon Mission Methodology is followed here. The “impossible” goal targeted in this exercise is 
to create a space drive. In the spirit of the Horizon Methodology, the envisioned propulsion methods can entertain 
the possibility of physics yet to be discovered. However, to ensure that the envisioned methods are consistent with 
firmly established physics, the analysis imposes the constraintr of conservation of momentum and energy, and 
requires that observed natural phenomena are not contradicted. From imposing these constraints, the characteristics 
needed to make space drives plausible can be identified. 


2(>3 



Seven differenc hypothetical propulsion concqits were oe^ed for thi: exercise. These concepts were envisioned by 
considering analogies to collision forces and interactions with fields to produce net forces. 


HYPOTHETICAL COLLISION SAILS 


One means to produce force is collisions. Conventional rocket prop ilsion is fundamentally based on the collisions 
between the propellant and the rocket. These collisions thrust the rocket in one direction and the propellant in the 
other. 


To entertain the analogy of collision forces for a space 
drive, consider the supposition that s^Mice contains a 
background of some form of isotropic medium that is 
constantly impinging on all sides of a vehicle. This 
medium could be a collection of randomly moving 
particles or electromagnetic waves, eithn of which 
possess momentum. If the collisions on the front of a 
vehicle could be lessened and/or the collisions on the 
back enhanced, a net propulsive force would result. 
Three variations of such a hypothetical coilision-sail 
are illustrated in Fig. 1 thro’igh 3. In all these 
illustrations, the rectangle represents a cross sectional 
clement of the sail and the wavy- lines represent 
impinging waves of the isouopic radiative medium. 
The large arrow indicates the doection acceleration. 

For any of these concepts to work, there must be a real 
bKkground medium in space. This medium must have 
a sufficiently large energy or mass (tensity, must exist 
equally and isotropically across all space, and there 
must be a controllable means to alter the collisions 
with this medium to propel the vehicle. A high 
energy or mass density is required to provide sufficient 
radiation pressioc or reaction momentum within a 
reasonable sail area. The requirement that the medium 
exist equally and isotropically across all space is to 
ensure that the propulsion (tevice will work anywhere 
and in any direction in space. The requirement that 
there must be a controllable means to alter the 
collisions ensures that a controllable propulsive effect 
can be created. 

The supposition that space contains an isotropic 
medium is reasonable. Space conuins electromagnetic 
fluctuations of the vacuum, also called the Zero Point 
Fluctuations (ZPF) ’, Cosmic Background Radiation 
(CBR) *, free hydrogen (protons) the theoretically 
suggested virtual pairs and possibly even dark 
matter." Whether any of these media have all the 
characteristics needed to be used as a propulsive 
medium remains a subject for future research. 

Regarding conservation of momentum, this condition 
can be satisfied by using the medium as the reaction 



Fig 1 Hypotlietical Differeatial Sail 
Analog(H s to the princi|des of an ideal radiometer vane, 
a net difoence in radiation pressure exists across the 
reflecting and absorbing sktes. 



rig. 2 Hypothetical Diode SaU 
Analogoi s to a diode ot one-way mirror, ^>ace radiation 
passes thiough one direction and reflects from the other 
cieiaing e net difference in radiation pressure. 



Fig. 3 Hypothetical Induction Sail 
Analogous to creating a pressure gradient in a fluid, the 
energy density of the impinging radiation is raised 
behind Ik sail and lowered in front of the sail to create a 
net difference in radiation pressure across the sail. 
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mass. Any net momentum imparted to the vehicle must be equal and opposite to the momentum change imparted to 
the medium. 


Regarding conservation of energy, this condition can be satisfied by imposing the constraint that whatever 
}»^opulsivc method or phenomenon is used, the toul system energy before and after the propulsive effect is equal. 
This includes the energy state of the surrounding medium, the energy state of any energy sources on the vehicle, the 
kinetic energy imparted to the vehicle, and any loss mechanisms. 


HYPOTHETICAL FIELD DRIVES 

In addition to producing forces with collisions, forces can be produced from interactions between matter md fields. 
Gravitational fields accelerate masses and electric fields accelerate charges. To entertain the analogy of using fidd 
interactions to create a space drive, it is necessary to assume that there is some way for a vehicle to induce a field 
around itself that will in turn accelerate itself Field drive concepts are more complex wd more speculativ** than 
collision sail drives. A descriptiem of the critical issues follows. 

Even if there was a device <Hi a vehicle that could induce a force-producing field, there is still the question of whedier 
such a field would sux^elnate the vehicle. A typical expectation is that the induced forces would just act between the 
vehicle’s field-inducing device and the rest of the vehicle, like blowing in your own sails, or trying to move a car by 
pushing on it from the inside. In such cases all the forces act internally and there would be no net motion of the 
vehicle. For reference, this issue can be called the “net extenial force requirement.” 

The net external force requirement is closely reli^ to conservation of momentum. Conservation of momentum 
requkes that the momentum imparted to the vehicle must be equal md opposite to the momentum imparted to a 
reaction mass. In the case of a field drive, there is no obvious reaction mass for the vehicle to push against. 

Similarly to conservation of momentum is the issue of conservation of energy. This issue can be satisfied by 
imposing the constraint that whatever propulsive method or phenomenon is used, the energy leqtmed to cres^ the 
effect is equal to the kinetic energy in^aned to the vchick and to whatever constitutes its reaction mass, plus any 
inefficiency losses. In addition, there is also die issue of controllability, insuring that the force-producing effect cai 
be turned on and off at will. 

A closely related aspect to controllability is sustainability. Sustainability refers to the ability to continue the 
propulsive effect throughout the vehicle’s motion. This implies that the force inducing effect musi work in both an 
inertial frame and an accelet^ed frame. It also requires that the force-producing field is auried along with ca- 
propagated with the vehicle, or at least can be induced again after the vehicle has been set in motion. 

in the spirit of the “Horizon Methodology”, it is assumed a priori that space drives are possible. By doing so and 
then by addressing the critical issues, the required physical characteristics of matter and space to make such 
propulsion methods plausible can be identified. Future research can then determine whether these conditions can be 
created with the phenomena that are known to exist, or at least indicate what other phenomena to search for. 

Four hypothetical field drives, “Diametric Drive,” “Pilch Drive,” “Bias Drive,” and “Disjunction Drive,” are 
presented next and illustrated in Fig. 4 through 7. These concepts were envisioned by examining the characteristics 
that describe a field or how matter reacts to a field, and then assuming it is possible to modify a given characteristic 
of this relation. The Diametric Drive works with field sources, the Pilch Drive with the field itself, the Bias Drive 
with the properties of the space that contain the field, and the Disjunction Drive with the properties of matter that 
create and react to a field. 

A common theme to all of these is that an asymmetric field is induced such that a gradient is located at the center of 
the vehicle, or more specifically at the center of whatever part of the vehicle will experience a reaction force from the 
field. An asymmetric field is required so that a net force is created on the vehicle. 
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These concepts mt presented in the context of using mass and gravi ationai jwopertics. A inc«: thorough treatise 
would also have to address using space media and electromagnetic phci onjena. 

Dtameirk Drive 


This first type of hypothetical field propulsion, as 
illustrated in Fig. 4. considers the possibility of creating 
a local gradient by die juxtaposition of diametrically 
t^iqxiscd field sources across the vehicle. This is dirwtly 
analogous to the "negative mass" propulsion suggested 
by Bondi Winterberg and Ftrward. '* The diametric 
drive can also be considaned mialogous to cieating a 
P'essure source and sink in a space medium as suggested 
previously with the Induction Sail. 

Megative mass propulsion is not a new concept, it has 
already been shown that is Uieorcucally possible to 
create a continuously propulsive effect by the 
juxtaposition of negative and positive mass and that 
such a scheme does not violate conservation c# 
momentum or energy. A crucial assumption to the 
success of this concept is that negative mass has 
negative inertia. 



Fig. 4 Hypothetka! Diametric Drive 


Qualitatively, this concept cm be illustrated by the following equation; 


■ ■[ 




( 1 ) 


vhere V is the gravitational scalar potential for the combined system, shown as a surface plot over an r-y plane in 
figure 4 (smgulantics have been truncated for clanty). The first tenr is the p^avitational potential for the negauve 
mass. -m. the second for the positive mas.s, +m. In both cases, G is Mewton’s ^avitational constant. The negative 
mass IS kxiatcd a distance, d, along the x axis behind the origin and the positive mass is located a distance, d. in front 
ol the origin The origin is taken to be the midpoint between the twt masses along the x axis. 

By tak’ng the gradient of the scalar potential caused by the negative r lass at the location of the positive mass, and of 
the positive mass at the location of the negative mass, the accelcratior s for each mass can be calculated; 


for the negative mass which it 
Gl + rni 


n the positive x direction, and 


for the positive mass wh ch is also in the positive * direction. Tl eir combined interactions result in a sustainiMl 
accelemuon of both mas.ses m the same direction. This result i,s i Iso obtained by Forward using an alternative 
analysts. 



Pitch Drive 


This secofjd {ype of hypf}thctJica! field mechanism, 
as illustrated in h'lg. 5. entertains the possibility 
that somehow a localized slope in scalar potential 
is Hoduced across the vehicle which causes forces 
on the vehicle. Ir, contrast to the diametric drive 
ptesentsd earlier, si is assumed that such a slope 
can be created without (he presence of a pair of 
point sources. It is no; yet known if and how 
such an effect can be created. 

Qualitatively, this can be illustrated by the 
following equation: 

V 1+ {-XAc ) 0. Fig. S Hypothetical Pitch Drive 

where V is the gravitational seal ir potential for the combined system, shown as a surface plot over an .x v plane in 
figure 5, which is equal to the s pctpositson of the potentials from the vehicle and the induced pitch effect, The term 
for the vehicle’s gravitational potential is the familiar Newton's gravitational potential where r is the distance from 
the source mass + y2 ^ , y p|gne) The origin is taken to he at the center of the vehicle. To 

entertain the possibility of a Pitch Drive, a localized gradient in the scalar gravitational potential is superimpased 
across the symmetric gravitational potential already present from the vehicle’s mass. This induced pitch effect is 
represented by a magnitude, A (units of acceleration), with a negative slope in the positive x diiection, and is 
localized by a Gaussian distribution, e'*’^, over the distance, r. centered at the origin This localizing equation was 
arbitrarily chosen for illustralion piiposcs only 

By taking the gradient of the scalar potential at the location of the vehicle, specifically the derivative of V with 
respect to r of the induced pitch effect at r=0. the acceleration for the vehicle is determined to be equal to A. and acts 
m the positive Jt direcuon 

Bias Drive 

Ilie third type of hypothetical field mechanism, as 
illustrated m Fig. 6, entertains the possibility that the 
vehicle alters the profierites of space itself, .such as 
the gravitational constant, G, to create a local 
propulsive fradieni. By modifying Newton's 
constant to have a localized a.symmctric bias, a Irtcal 
gradient similar to the Pitch Drive mechanism 
results. 

Qualitatively, this concept can be illustrated by the 
following equation: 

V (xBe’\ 1 )[-G— I 

\ T I 

where 'V is the gravitational scalat potential plotted over an v-y plane, .shown as a surface plot in Figure 6. 'fhis 
scalar potential i.s desenhed by the familiar Newton’s gravitational potential on the right which is multiplied by a 
spatially 'isymmcinc ntodiner on the left T’he spatially asymmetnc mtxlifier is represented by a magnitude, B tunits 
of inverse distance), multiplied by x, to give a po.sitive slope in the positive x direction, and is localized by a 





Gaussian distribution as with the Pitch Drive. The ‘'+1” identit; usrm is necessary to retomn the Newtonian 
gravitational potential to its original form at large distances (r»0>. Unfortunately, it is not possible to present a 
qualitative representation for the resulting acceleration for this hypotfetical example since the gradient of this scabr 
potential produces a singulaurrty at the origin. 

A similar concept by Alcubierte * suggests creating a propulsive cffict by asymmetrically altering spacetime itself. 
Alcubierrc theorized shat by expanding spaccumc behind the vehicle tJtd contracting ^acetime in front of the vehicle, 
faster-than-light travel would be possible without violating general relativity. The net effect is that this "warped” 
space and the region within it would propel itself “with an arbitrar ly large speed.” Observers outside this “warp” 
would sec ti move faster than the speed of Oteervets inside this "warp” would feel no acceleration as they 
move at warp .speed. Although a sub-light-spced space drive would constitute a sufficiently important fcnrcakthrough. 
the po.ssibility that a space drive may also enidile faster-than-light transport is intriguing The feasibility of this 
“warp drive” theory is an open issue 


Disjunction Drive 

The fourth type of hypothetical field drive, as 
illustrated in Fig, 7, entertains the possibility that 
the source of a field and that which reacts to a 
field can he separated By displacing them in 
space, the reactant is shifted to a point where the 
field has a slope, thus producing reaction forces 
between die source and the reactant. It is assumed 
that the source and reactant are held aptui by some 
sort of rigid device. 

Obviously, a critical issue of this scheme is 
whether the field's source is a separate entity from 
that which reacts to a field. This perspective is 
similar to that used in the analysis of the 
properties of negative mass. '* In the course of 
examining the nature of hypothesiaaid negative 
mass, three different masses can be distinguished: 
die “source mass.” “reactant mass,” and “inertial 
mass ” Although these distinctions were made to 
classically analyze the behavior of negative mass, 
they do invite speculation. Could cither a “.source" or “reactant" mas be mimicked through some coupling between 
gravity, elccuomagncitsm and spacetime? If so, the propulsive cfect suggested above may be possible. This is 
unknown at this time 



Fig. 7 Hypothetioii Disjunction Drive 


Quahtaiively, this concept can be illustrated by the following equati ms: 


] u-d/ + y* 


<5) 


where V is the gravitational scalar potential plotted over an x~y plane as a surface plot m figure 7 which is equal to 
the familiar Newton’s gravitational potential of the mass, m j, which is a distance, d, along the jc axis, from 
the reactant mass Ihe source mass is defined to have the properly hat it only causes a field, but docs not react to 
one The reactant mass is defined to react to the presence of a field but not to cause one. Thus, there is no force on 
the source mass from the reactant mass. 



To illustrate how this concept works, examine the sum of the resulting ftM-ces: 

^, Gmsm, 

I forces = —-—+m 5 ^a+mRia 

(6) 

The first term of the sum is 'he gravitational force from the source mass, m 3 , acting on the reactant mass, m]^. By 
definition, there is no force created on the source mass from the reactant mass, and hence, no term for that force in 
this equation. However, to entertain the possibility that the source and the reactant mass have inertial mass, terms 
are included for the reaction forces due to these inettiae. These reaction ftxces ate the second and third terms in the 
summation, where mj, is the inertia of the source mass and m^j is the inertia of the reactant mass. Since it is 
assumed that the masses ate rigidly connected by whatever device has pulled them apart, the acceleration, a, is the 
same for both masses. Solving for the acceleration gives; 

i d + mRi j (7) 

which acts in the positive x direction. 

Although existing evidence strongly suggests that the source, reactant, and inertial mass properties are inseparable, 
any future evidence to the contrary would have revolutionary implication to this propulsion af^lication. 

REMAINING RESEARCH 

There are a variety of unexplored paths toward discovering the physics for a space drive. To explore the collision sail 
concepts it would be useful to seek any means to interact asymmetrically with the media that are known to exist in 
space. In particular, the medium of the electromagnetic fluctuatitMis of the vacuum, also called the ZPF, is a 
promising candidate because of its high energy density, estimated to be as high as 10"^ Joules per cubic meter. ’ A 
recent experiment to reexamine the Casimir force, which is an empirical artifact of this energy density, fouid 
agreement with the theory at the level of 5%. ” 

Multiple research paths exist to further explore field drive concepts. First, the concept of negative mass, with its 
inherent negative inertia, could be further explored. Another research path that covers the possibility that negative 
mass cannot exist, is to develop a formalism of Mach’s Principle or reformulate ether concepts to provide »i 
alternative means to satisfy momentum conservation for field drives. Such formulations would also have to address 
how to impan reaction forces against space itself. A more general approach that may even encompass these other 
two approaches is to develop a physics that describes inertia, gravi'y, or the properties of spacetime as a function of 
electromagnetics that leads to using electromagnetic technology for inducing propulsive forces. 

Regarding the physics of negative mass, it is not know whether negative mass exists or if it is even theoretically 
allowed, but methods have been suggested to search for evidence of negative mass in the context of searching for 
astronomical evidence of wormholes. If negative mass is found to exist and if methods can be eventually 
engineered to collect and handle negative mass, it seems reasonable that a propulsive effect could be engineered as 
previously discussed with the Diametric Drive. If negative mass docs not exist naturally, it is still possible, in the 
spirit of the Horizon Methodology, to consider the alternative of artificially synthesizing negative mass effects using 
some as-yef-undiscovered physics, perhaps using a form of gravity-electromagnetic coupling. 

The idea of discovering .some gravity-elcctromagnclic coupling goes beyond the idea of mimicking negative mass. If 
there is any way to modify gravity, inertia, or the properties of spacetime using electromagnetics, it may be possible 
to mimic negative mass to create a gravitational dipole, induce gravitational or electromagnetic fields to create a 
Pitch Drive, or modify other properties of space to create a Bias Drive. 


The idea of using one phenomenon to control another is not new. Electric fields arc used to create magnetic fields. 



By knowing the specifics of how these phenomena are coupled, it is possible to engineer such effects. In the case of 
a space drive it is desired to create an acceleration-inducing field usin}; some phenomenon like electromagnetics that 
can be readily controlled. 

Electromagnetism is suggested as the control phenomenon for two re isons; electromagnetism is a phenomenon for 
which we are technologically proficient, and it is known that gravity, spacetime, and electromagnetism are coupled 
phenomena. In the formalism of general relativity this coupling s described in terms of bow mass warps the 
spacetime against which electromagnetism is measured. In simpi; terms this has the consequence that gravity 
appears to bend light, red-shift light, and slow time. These observations and the general relativistic formalism that 
describes them are experimentally suf^xwted. * Although gravity’s effects on electrmnagnetism and spacetime have 
been observed, the reverse possibility, of using electromagnetism to iiffect gravity, inertia, or spacetime is unknown. 
To explore this possibility, it would be advantageous to have a fonrulation that describes thew observed couplings 
as a function of electromagnetics. 

Electromagnetism is also suggested as a target phenomenon for spact drive research because of the ZPF. The ZPF is 
an electromagnetic phenomenon. Discovering any way to react asymmetrically with the ZPF would likely create a 
space drive. 2TF has also been theorized to be an underlying phenomenon to inertia and gravity ' and experiments 
i»ve been suggested to lest these theones and to test other related speculations on the relation between the ZI^ and 
mass properties. ’ It should be noted that these theories were not v/ritten in the context of propulsion and do not 
provide d/recr clue.s for how lo electromagnctically manipulate inertia or gravity. Also, these theories arc still too 
new to have either been conflrmed or discountec Despite such uncertainties these theenries provide new, alternative 
approaches to search for breaktluough propulsion physics. 

Inherent to all the propulsive mechanisms discussed above is the reed to generate an asymmetric field, one that 
results in a net acceleration of the vehicle. One way to search for sui h asymmetric effects is to search for nonlinear 
or non-conserved effects. If, for example, there exists sinne cha acteristic coupling between electromagnetism, 
spacetime, inertia, or gravity that behaves nonlineariy, has some hysteresis, or is non-cons«:ved (analogous to 
friction) it may be possible to create net forces from imlMdutced, eye ic perturbations of this effect. 

To illustrate this possibility, consider the analogy of an irregularly o%illating mass affixed to a cart that is initially 
at rest on the floor. When the mass movtj slowly in one direction its reaction forces arc not sufficient to overcome 
the static coefficient of friction between the cart and the floor and he cart remains s'JIl. When the mass moves 
quickly in the other direction its reaction faces are sufficient to ovircome the static coefficient of friction, and the 
cart rolls. Repeating this cycle resulte in a net motion of the car. L' there are any field prq)ertics of space that 
have such a characteristic non-conserved interaction analogous to friction, then it may be possible to oeate an 
analogous propulsive effect in space. 

A more conventional example which better illustrates the possibilities of nonlinear propulsion, is a method 
suggested by Landis. " litis coneqx outlines a technique for (hanging the orbits of satellites without using 
propellant, and docs so using conventional physics. It uses tethers <m a satellite to take advantage of the nonlinear 
nature of s gravitational well. If the orbiting satellite extends a Ulhcr toward Earth and another tether away from 
earth, the imbalanced reactions will create a net force toward the Ei rth. This is bv-ause the downward force cn the 
near-Earth tether increases m than the outward force on the outer ^ ether as the tethers are deployed. By alternately 
deploying and retracting long tethers at different points during the or lit (apogee and perigee), an orbiting satellite can 
change its orbital altitude or eccentricity. 

Another approach is to revisit the field properties of space itself in search of evidence of imbalanced forces. One 
experiment to explore this possibility is where a homopolar mour is used to illustrate a paradox of apparently 
imbalanced magnetic reaction forces. " Another is from experimental observations of unipolar induction that 
explores the relation between magnetic fields and the sunounding sp icc. ” 

To further explore the propulsive implications of any of these iml>alanced force concepts, it is necessary to fully 
address the law of conservation of momentum. In the case of the tether example discussed above, the F,arth acts as 
the reaction mass 11 conserve momentum. In the case of negative nass propulsion, conservation of momentum is 



satisfied by taking advantage of the negative inertia of negative mass. “ With the remaining field drives, however, 
Tese.^eh will be required to determine how the siwrounding space cw be use' satisfy conservation of momentum. 

One apfffoach to conserve momentum is to consider s{^ce itself as the reaction mass. This ^iproadi evtdies die old 
kka cd* an “ether." To be strictly consistent with empirical evidence, such as the Michelson-Morely experiment, my 
further resesuch to revisit the idea of an ether would have to impose the condition that an ether is elcctromagnetically 
Lorrau invariant. Note that this condition is a characteristic of the ZPF. ’ 

An alternative to considering space as the reaction mass is to itirther develop Mach's Principle. Madt's Principle 
asserts that surrounding matter gives rise to inertial frames, and that the inertial frames are somehow connected to the 
sunoimding matter. ’ Mach wrote that althou^ he felt a connection to the surrounding matter was requied for the 
property of inertia to hi detect'' ‘' he also admitted that such a treatment was not necessary to satisfactorily describe 
the law's of motion. “ To search for new, additional laws of motion to explore the goal of field drives, however, if 
may be useful to revisit Mach’s Principle more literally. Specifically, to be useful for propulsion physics, a 
fcmnalism of Mach's Principle is requiied that provides a means to transmit reaction forces to surrounding matter. 
This implies developing a quantitative description for how the surrounding matter creates an inenial frame, and how 
pushing against that frame with a space drive i.s actually pushing against the distant surrounding matter. 

It is also possible to consider the very structure of spacetime itself as a candidaie for propulsive interactions. If it 
were possible, for example, to create asymmetries in the very properties of spacetime which give rise to inertial 
franK;s. it may be possible to cieate net inertud forces. This is similar to the “warp drive” suggested by Alcubierrc. * 

It is also conceivable that other research approaches exist. To further explore any of these possibilities, would be 
useful to have a succinct problem statement to guide the evaluation and af^lication of emerging science to the goal 
of creating a space drive. Swh a problem sutemeni is offered next. 

PROBLEM STATEMENT 

The cnticai issues for both the sail wd field . nves have been compiled into the problem statement offered below. 
Simply put. a space drive requires some controllable and sustainable means to create asymmetric farces on the 
vehicle wi,houi expelling a reaction mass, and some means to satisfy conservation laws in the process. Reganficss 
of which COTcept is explored, the following criteria must be satisfied. 

(I) A mechanism must exist to interact with a property oi space, matter, or energy which satisfies these conditions: 

(a) must be aWc to induce an unidirectional acceleration of the vehicle 

(b) must be cuntrcdlablc 

(c) must be sustainable as the vehicle moves. 

(d) must be effective enough to propel the vehicle. 

(e) must satisfy conservation of momentum. 

(f) must satisfy conservation of energy 

(2.1) If properties of matter or energy are used for the propulsive effect, this matter or energy... 

(a) must have properties that enable conservation of momentum in the propulsive process. 

(b) must exist in a form that car. be controllaWy collected, earned, and positioned on the vehicle, or be 
cofitrollably created on the vehicle. 

(c) must exist in sufficiently high quantities to create a sufficient propulsive effect 
(22) If properties of space are used for the propulsive effect, these properties... 

(at must pro-.'idc an equivalent r<:.»ction mass to conserve momentum. 

(b) must be tangible; must he able to be detected and interacted with. 

(C) must exist across al! .space and in all directions. 

(dt rr.ust have a sufficiently high equivalent mass density within the span of the vehicle to be used as a 
propulsive reaction mass 

(c) must have characteristics that enable the propulsive effect to be sustained once the vehicle is in motion. 

(.1) The physics proposed for the propulsive mechanism and for the properties of space, matter, or energy used for the 
propulsive elfcci must be completely consisient with empirical observations. 



CONCLUSIONS 


Prior to the emergence of new theories suggesting connections bet vecn gravity, inertia, and the ekt^romi^n^ 
fhictuatitms of the vacwnn, utd die recent “warp drive” dieocy, the piospects for denting n space (hive have seemed 
too far in the futine to provide near term research opportunities. N>iw with these emerging theories, new research 
approaches exist. To provide a framework for taking advantage of these emerging thewies and progressing science 
ttmard the goal of a space drive, a problem stasemeiit was needed ard is now offaed in this paper. Regarthog die 
piospects for breakthrou^, consider the following quotes from past experts. These quotes were copied frim 
Anderson's article on the Horizon Methodology. * 

"Heavifr than machines an impossible ." “Radio has no fiOu-t. ” “X-rays an a hoax. ” 

- William Thomson (Lord Kelvin) 
President of London’s Royal Society (1895-1904). 


“There is no likelihood man can ever tap the power of the atom. ” 


- Robert Millikan, 
Nobel Prize in Riysics (1923). 


“The secrets of fligla will not be mastered within our lifetime., not w thin a thousand years." 

- Wilbur Wri^K 1901). 
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This paper argues that scientific speculation on the possttulity df practical superluminal uanspoit leads down quite 
restrictive paths of thought. A machine that can gk^ly exceed the qiccd of light must be able to actively modify 
the spacetime metric in its locality in order to avoid the tachyonic causality vioi^on in Miidcowdti qnoe. 
Although metric warps mfikient for transport seem to require unphysically large amounts of negative energy 
within (jcnerai Relativity, the potentially even laiger content of virtual energy n the EM zero^nt fluctuations 
is pointed out. OOierwise, to work around the energy dilemma, there must exist a small-scale stiuOurc to 
^MKXtime that can be manipulated iocaify with reason^le energy expenditure. The idea is proposed that quantum 
noise of some sort prevents the reconnection of dementaiy spacetime paths and a consequent topological collapse, 
or reversion to a less structured state, of spacetime itself. This is a generalization of an interpretation, based on 
Boyer's stochastic electrodynamics, that ZPF keeps the world from atomic collapse. The tran^wrt machine then 
operates as an inchworm in spacetime by temporarily forcing an above equilibrium conmx^tion of paths btiween 
locally spaedike separated regions. EM field configurations analogous to those used in some resonance 
experiments are sugge^ed as possible tools. The connexion trf* paths bdween normally qxicelike sqiarated regituis 
having a difierent energy level of the vacuum may possibly lead to the direct extraction of energy at the expense of 
^KKXtimc structure. 


Introduction 

Hopefully, Dr. Richard van der Rict Woolley’s famous qu(Ue^'\ “Space travel is utter bilge”, emphatically repeated 
by him in rc^xmse to President Eisenhower's announcement of the US satellite program just one year before 
Sputnik I, will be shown not to apply to practical interstellar or intergalactic travel as well. However, this 
q)eculativc paper makes no attempt to predict the future. Instead, the purpose iKie is to provide food for scientific 
thought by supptKing that such travel is possible and asking the question of how can that be? Retaining only the 
most basic and well establisl^d generalities regarding q)acetiine structure, the above assumption tlKn drives one 
down rather elective paths of thought. These paths then naturally suggest hypotiwsis of a microso^ic onxmire 
that shtMild have observable consequences in nature. 

Minkowski space and continuous Lorentz transformations are accepted as a well cstid>iished and a locally valid 
macroscopic approximation wherever ^cetime curvature is not too great. The physical spacetime, however, is 
well known to contain the f q)ectrum^^’ of the zero-point fluctuations (ZPF) of the vacuum electromagnetic (EM) 
field. Therefore, it may be necessary to replace the Minkowski spacetime and its continuous Lorentz poup with a 
discrete spacetime in order to cut ofl this otherwise unbounded f spectrum Besides ZPF, other forms of ‘quantum 
noise’, such as fluctuations of the vacuum with respect to particie-antiparticle pairs, similarly hint of a deep 
substructure that has a potential discreteness built into it. Gl(4>ally, spacetime is assumed to be well described by a 
metric manifold structure, where the metric has the usual signature and satisfies either the usual Einstcin-Hiibert 
or perhaps someone clse’s field equations. 


Globally superiuminal space-time machines are not mere tachyons 

Practicality of travel to the stars is taken to mean that round trip time for journeys to the local stars, or even to the 
nearest galaxies, as measured back home, is at most some reasonable number of years Thus the scenario of 



heroically drifting in a spaceship for generations is excluded as being impractical. This implies that the transit 
machine hwA be cap^ of a gloUi q)ced that is truly enormous roni the viewpoint of the back-home observers. 
And it also lesKls to a vkiiatioii of the common sense of itiacroscosic causality in Minkowski space, presmiled in 
introdumoiy physics texts and repeated below. 

Tea particles that exceed the speed of light c. as seen by an inertial observer, are forlndden by the basics of Lotentz 
transforms in combination with the common sense of time-orderini;. Let E| and E} be the events of dqiaiture firoro 
point I and arrival at point 2, respectively. such a test partick. observer who sees E) and Ej to be spatially 
fixed a distance d apart will assign t2>t|. Since d/(t;,-t|)>c for this particle, another inertial observer can be found 
such that he sees t2’<ti', which amounts to blatant violation causality. 

This sinifde argument against tadq^onic particles in Minkowsdti spas has great force There is a way, and possibiy 
the only way. to avoid a crucial causaliQr viohdioa at the stmt; the tran^XMt machine must somdow modify 
spacetime geometry away from Minkowski. And the sake of practicality, one should stvpose this modification 
to be idalivdy local hbout the transmit mat^ne. To put it cifferenily, this hypothetical machine must be 
surrounded by a metric field4ike distortion such that, re^rdless the observer, the synchrmiism of his clocks that 
happen to be in the vicinity of E| and Ej is suCficimitly disturbed to avoid a cmisality violation. This &st madiine 
tluis can not behave as a simple test particle, with no effect on the background metric. Instead, it must be in the 
‘warp drive’*^’ class and is. in that sense, a space-time machine of jome sort, i.e., a madiine that actively modifies 
the ^lacetime geometry in its locality. Such machines have been argued by Akarinene to have inqiressive 
advmitages. deriving from tlM use of a dynamic spacetime withir. general relativity. The round trip time can in 
principle be very short, as measured by both the ship clocks and the clocks back home. And within the ship itself, 
the occupants are not suti^ to vident tidal forces because { lesum^y a relatively flat spaceti m e can be 
maintained there and the ship remains essentially at rest in its OHnoving frame; thus the terra ‘warp bubble’ is 
sometimes used. Further, causality seems not to be violated, beciuse closed timeiike curves can be avmded. If 
feasible, such features would make this a ‘dream msrhine’ of ttansjxirt, indeed. 


Not to build bridges to the stars 

Travers^le, large-scale wormhoks may conceivably exist, with tlroats perhaps near a large gravitating body. ^ 
suggested by some authors, that could serve as short cuts to otherwise distant parts of the universe.^^’ Wramholes, if 
they exist at all^^\ may have serious difficulties related to traver;^ility, sudnlify and navigsdulity. Moreover, a 
wormhole is ntrt likely to crainect to where me wants to go and the location (rf* its &r raid would not be known in 
advance. Brute forcing a large wormhole into being is surely ruled out, sim|rfy by the enormous amounts ol energy 
required. For example, magnetic fields far in excess of iO‘ T would be required to produce a significmif spacetime 
curvature due to the field energy**^, but no method is presently knovn that could sustain such enormous fields. The 
Alcubierre warp bubble has similarly been critiazed^^’ on the grounds that an “unphysical amount of negative 
enragy”, of the order cf 10^^ joules, is needed to maintain an extrer tcly thin-walkd, 100 m diameter bobble moving 
with speed c. This criticism is based on an inequality from quantim field theory combined with Oandard gemral 
relativity and other assumptions. If the engines of this drive can no muster the energy required for qieeds in excess 
of c, then the drive slows down and becomes less interesting. 

The idea that the magnitude and seemingly unphysical negativify d' tlw required energy presents an insuperable 
barrier to a general warp drive, can be challenged and certainly dsserves further study, since alternatives**^ to the 
Einstein-Hilbert equations have been proposed. Or there may be more ortitle work-arounds in regard to the source, 
nature and gathering of the energy Enormous energies do imteed occur when evaluating the total spatial density, 
/c^, of energy in the EM zero-point spectnim, where f^ is a cutoff frequency. The ^ is thought to be derived 
from the Planck time, and depending on whose formula for t is ujcd, energy densities in excess of 10'“ J/m* can 
be obtained; for example, the Sakharov cutoff f,=|cV{2hG)l’'*=5.2xlO'^ sec ' gives 2.3x10*'^ This energy is 
considered as virtual, since it is not nonnally tappahle for work, but is not physically nonsense just for its 
magnitude. However, does the warp drive necessarily need lappa ile energy? The spacetime connectivity scheme 
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proposed below aiggests no more than a minute tappability of this energy sea and gives ik> insight on how to 
control large variations, but it could be a step in the right direction. 


Is the mechanism already there for the taking? 

The consensus trf' the literature to date is clearly that truly enormous amounts of energy are needed to create 
sbcHtcut paths in qncetime geometry. And even the rpiite local metric distortion of a warp type drive would seem 
to require impractical amounts of ene^, if that distortion has to be fed through an energy-otoroentum tensor 
coupM to say Einstein’s field equations. Forcing the dinortion this way is practical nonsense. To avoid the 
enormous energy requirements, consider the possibility that the dements for creating a desired metric distoitioa 
already exist as fundamental Iniilding blocks of spacetime itself, that need only be harnessed for the purpose. In 
other words, these are rearrangable segments of paths of the small scale structure of qracctime. The e^blishmcnt 
rtf’ a path liidring two spacetime points is interpreted to mean that these points then either wholly or partially lose 
their distinctness or separation. Enormous energies may still be involved in the same sense as the existence trf' the 
zero-point energy of the electromagnetic field. But there may not be a requirement for macroscopically wholly 
ta{q»ble energy on a large scale From this point of view, the creation of a macroscopic metric distortion is carried 
out through a process of reconnection to induce a reversion of ^lacetime to a more primitive slate and is, in a way, 
a destructive orocess. Regardless of how fuiciful and speculative all this may sound, the principle of causality plus 
the argument for the feasibility of geom^c transport (e g., the warp-drive bubble) leads into this current of 
thought Effects simulating a macroscopic metric distortion, as needed for transport, must be energetically not too 
hard to come by and the process must involve spacetime elements which arc exceedingly small. A speculative idea 
regarding the nature of such elements is proposed below. 


And is the world supported by quantum noise? 

In papers on stochastic electrodynamia Boyer'^^ and Puthoff” argue that on the scale of the Bohr orbit, an 
eleUron beyns to be significantly buffeted by the random forces of the electromagnetic field zero-point 
fluctuations. And hence these forces make it difficult for the electron to localize into the nucleus, ending in atomic 
collapse. These authors go on to show that the size of the orbit, the quantization of angular momentum and other 
pn^rties predicted by quantum mechanics arc also correctly predicted by the stochastic electrodynamics. Not that 
quantum mechanics is wrong, but the imeracuon of charged particles with ZPF is an alternative and physically 
more intuitive explanation of some quantum mechanical effects. 

The Boyer and Puthoff papers support the inteiprctation that the EM zero-point fluctuation ‘quantum noise’ is 
what keeps the world from an atomic collapse. To generalize this idea, consider the proposal that quantum noise of 
some sort is what keeps qiacetimc itself from a topological collapse and a reversion to a less structured state. This 
prc^xisition suggests that spacetime points themselves are generated by a kind of entity, or ‘quantum of action’, and 
naturally prefer to get connected. But it appears to an observer that the paths are tom apart by some sort of 
quantum noise. The establishment of a path, or a scries of paths, would presumably be interpreted macroscopically 
as a sudden connection, or coalescing, of normally spaceiike separated points. There is a resemblance here to the 
much more developed idea by R. Pcnrose“°* on the generation of spacetime by the correlation of elemental ‘spins’, 
but the action here of noise and paths is different. The mathematically precise description of the proposed 
generators and the action of noise on paths, if the idea is indeed fruitful, may of course turn out to be as different as 
the quantum description is from stochastic electrodynamics. 

The speculaiicr above is motivated only by its obvious relation to the notion of the space-time machine that can at 
mort rearrange a local, microscopic structure. The paths only need be induced to locally connect for a (very?) short 
time and the machine then operates like an inchworm in spacetime, digging out a path in front and closing it 
behind. Since the only known manipulabic fields arc electromagnetic, perhaps a cooperative alignment of paths 
could be induced by a superposition of sufficiently intense steady and high frequency electromagnetic fields; a 
resonance of the vacuum itself Other mctliods are difliciiU to suggest, until this idea of a dynamic connectivity is 
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further devek^ and related to the more precise notions of a macroscopic metric, the quantum mechankal time* 
energy uiKertainty constraint, ^c.. 


Energy from spacetime a dividend to consider 


The realization that energy can be extracted from qtacctime itself' '’ dales, in principle, from the time of discovery 
of the EM zero-point energy and the Casimir Indeed, tins ferce may be a contr^xMor to fuaon levd 
tenqKratures in tiny, collapsing bubUes, as evidenced by the radiatioo observed in sonoiuminescence erqwriments. 
The Casimir coagulation of particles eqinres dlqx»able matter or else the operation is in a storage battery 
mode^'*', and is presently not a candidate for useful levels of power On the other hand, the idea that energy can be 
extracted continuously from qiace with over-unity effictency is mostly related to nonsense by mainstream 
physics, because there is neither a manifest source above the ene -gy zero levd of local space, as defined by the 
vacuum fluctuation ‘sea’, nor an empty level below the zero level aid efforts to induce a coherency, or rethiction (d* 
entre^y. in this sea will surety suffer the fate of the Maxwell demor. 

Consickr, however, the poss^Uity that the local zero level is not zero everywhere with respect to q>ac^me 
locatfons. Such a nomrivial scenario be a consequence of the fact that the universe is evolving. Norm^ there 
is no way to coniKct arbitrary points of qmcetinie with causal curvts in order to exploit differences in the kxal zero 
levels of energy associated with everiution. The above described shwt circuiting of normally qjacelike sqnrated 
points may also bring togtfher different zero levels, causing some photons to quil over and be available for useful 
work. Since the q|>acc-tiine machiiw (grates over a small ^)aceUnie volume, such a spill would not be expected to 
be enormous, yet could be practically significant. The source of the energy released is here the slight degmeration, 
or collapse, of the spacetime structure itself. One can assume that uich a distuibance would be compensated by the 
prcqiagation of a gravitational wave or a wave in the zero-point energy sea. TTus model provides at least a rational 
starting point for a more serious sh^y of Uk source of such energy that works armind what ai^icars as a gros 
violation of thermodynamics. As a grand scale example of this idea, the energy released by matter falling into a 
black hole could be ascribed to a certain amount of collapse of ^cetime structure. 

With this sort of a qiacetime nradel in mind, it may be worth while to search for and examine phenomena in nature 
that appear to be anomalously enerj^c. The so ^led ball lighuing plasmoid cmild v»y well contain EM field 
niperpositkms of the sort mentioned above (i.e., steady, toroidal magnetic field plus plasma oscillations), even 
though just atmospheric pressure can not contain steady magnetic fields of any great intensity. Among the 
presently existing, man made devices that may also be worth a lo(4. with respect to the ideas presented here, are the 
Methemitha machines^'These well known, but rarely accersibie for study, machines are claimed to be 
muUikilowatt level, steady extractors of energy from space that u; c no extern^ power. It is easy to relegate these 
claims to the crackpot fringe or fraud, except that the known tructure of these machines and the reports of 
witnesses do seem to admit the presence of inter^ng combinatior s of intense EM fields. 


Summary 

The supposition that superluminal transport is feasible restricts the candidate drives to the metric warp type, in 
order to avoid causality violations in Minkowski space. Studris within General Relativity have shown that 
unphysically large amounts of energy are likely to be needed to tn lintain the necessary metric distortion , for both 
large-scale won^oles and the Alcubierre warp drive. In additisn, these energies are negative, which implies 
exotic matter in the standard theories of spacetime geonKtry. (n the speculative scheme presented here, the 
reconnection of spacetime paths and consequent topological collaxe of the world is prevented by quantum noise. 
Then this negativity merely means that the space-time machine is }ut into an energy level below that of the normal 
vacuum, as a consequence of the local spacetime connectivity nanipulation that suddenly coalesces qmcclike 
separated regions. The vacuum of such regions may well have an energy differential due to evolution of the 
universe. Even so, there is still no obviou.s way that the relatively ocal alteration of connectivity could produrx the 
enormous energy differentials predicted for warp drives by classic il theory. If indeed the alteration of paths idea is 
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a key to fast transport, then either tlie metric distortion so induced somehow differs from the classical model, or 
else there exists a more sidMle work-aronnd. Success could dqiend on the discontinuous character of the making 
and breaking of the paths or on quantum effects. Electromagnetic fields come to mind immediately as candidate 
tools for connectivity manipulation. A superposition of intense steady and high frequency fields is suggested as a 
first cut, as such ctunbinations produce results in resonance experiments. 

1 he connectivity manipulation idea could also serve as a basis for a closer kxdc at one or two of the so-called free 
energy machines that have been claimed to steadily extract kilowatt level power from space. If such a machine has 
actually been realized, then surely nothing short of a new concept about the structure of spacetime will do to get 
around the ai^rent blatant violation of thermodynamics. When there is ncitlier a reservoir of energy around to 
drain nor an empty level below that of the local vacuum, then the source must be the spacetime structure itself. In 
closing, the standalone Swiss Mcthcmitha M-L Convoter a{^9ears to admit a field configuration cl the type 
mentioned above and likewise may the naturally occurring ball lightning plasmoid. 
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ABSTRACT: 


We propose a Nudear Magnetic Resonance experiment tomcasure the inlluence of eicctric potentials on clocks 
in the rest frmne of a charged particle The motivaticMi for these experiments rests on a theory that describes 
ct^cd eioctrodynfflnics within the framework of (Psuedo)RieQUHiniap geometry iodudiog Torsion. 'I'be first of 
two definitive papers descrilring the theory has already been ;mUished [1]; the seawd is in review(2]. This is 
tantamount to claiming that a classically unified theory has been dcvdt^ied that correctly imbeds Oassical 
Electrodynamics in the geometry of Einstein's field equations incorporating propagating torsion. Kfetric 
solutions to the field equMions <tf the thexy result in the correct clectromagDetic potentials aiqiearing in the 
metric lensrx for scvo-al cases including, spherical gravity plus spherical electrostatic field, the line charge 
dectric field and the uniform magnetic field. The latter two solutions arc exact. Solutions have been chekecd 
with “Mathematica”. 


Frmn the soiutirms, an experimental {vedictimi is made that electric potentials influence proper time much the 
sanm as gravitational potoitials. The effect is expected to generic a line shift on the order of 6 ppm and 
broadening for a sharp proton resonance in the presence <rf a lOkV electric field and a ST magnetic Larmor field 
If the tempixal d'fect is verified, then it is likely there exist sdutiims that couple to space and thus to gravity, 
rither explaniog existing dTects or predicting new ones. 


INTRODUCTION: 

The (xeseni work is a highly condoised summary of a theory that is shown to correctly represent both gravity 
and dectromagneusm classically within a Pscudo-Rictnaniuan geometry It is grounded upon a new connection 
[Ringeimacber, 1994] which derives from an electrodynamic torsion acting upon charged panicles in an 
electromagnetic fidd. The geometiy is that seen by a charged partide and depends upon the electromagnetic 
potential at the particle location within a space-time that can indude gravity The present theory api^ies to weak 
fidds and therefore does not couple the two fields. Prescnl gravity experiments remain unaffected and the correct 
electromagnetic potentials derive from metrical solutions of the fidd equations. Thus both the Einstein equations 
and the Maxwell equations are satisfied by the metric solutions 

It is shown, however, that pure electromagnetic geometry should produce efffeds similar to those of gravity 
These effects arc resolved within the partide reference frame since that represents the simplest solution The 
result is a consistent fidd theory witlt solutions and an experimental prcdictionf21 

In rcf-111 a new uainection is derived from first {xincipies but can be found effectively from inuodiicing an 
electrodynamic torsion, The same connection was fexmd by Schrodinger(3] but not identified or recognized as 
such - indeed he discarded tlic aiitisymmetic part of his uMuiecuonipure torsion) since it did not contribute to the 
motion 
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This torsion, given by 




( 1 ) 


does not aioae conhibute to the LxNentz motion of a charged ptftide. Its properiy symmeinzed contribution to 
the connection (eqn. 2 below) does, howevo'. The pure torsion, tqn. (1) alone, was shown to be the source of 
the well-known Thomas Picuession term in the “classical spin" o)uation of motion. It cannot be physiodty 
ignored. It can be said that the oonneciion is fully determined by the metric tensor and the torsion as seeti in 
eqn.(2). J. Vargas [4] has independently found the same torsion icnsor from a Differential Forms approach. 


The eicctrodynamic connection is: 


F »A -A 

^Xji 

u = test particle 4-velocity 


where K = -c/roc^ 


( 2 ) 


Torsion is traditionally identified with angular moiiKntum which, it seems, has not bonie phy ical fruit in the 
present context. The present work departs from Uadilion ^ dearly identifies it with dectromagnetic objects. 

In a second piq>er[2], the new Hinsteio tensor is devdoped frtnn that connection. This follows the work of J. 
Schouten exactly. The new Einstein tensor has both charged am “disfdaemneat” currents as sources. The 
electromagnetic oiergy dorsity is ignored as contributing only hi ghcr order massive d'fects on the geometry in 
comparison to the new current terms. Solutions of the new fidd cquatimis are presented that yidd the dassical 
dectromagnetic potentials together with gravitational potential.' in the appropriate cases. llK-se st^udtms 
include: (1) spherical dcctrici^us gravitational fidd; (2) cylind ical line charge field and (3). rylindrical 
uniform magnetic fidd 


RIEMANN AND EINSTEIN TENSORS WITH TORdON: 

The Riemann tensor is given by: 

R Kva “ RU + ^ ^ ^F^ J 

This Riemann ten.sor sati.sfies the following Cydic identity upc n alternating indices ; 

In deriving (3), covariant differentiation was passed through 4 • eloetties Thus the identity (4) implidtly 
assumes this Eqn. (4) can be denved from a Differential forms approach, as shown in Appendix A, Without 


C- 

(4) 
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tbis assumpiioa The Einstciii tensor is given by: 


£,„ = J u , - 2u'F^, ^ - 2g^,u Ff„ ) 


(5) 


Tbc Ei>ns(eia tensor sepvalcs into symmetric and antisymmetnc parts(eq 6) The syauncioc pm provides the 
metrical fidd oc^iatioo while its conservation yidds the MaxwdI source equations as our second field equaboo 
The antisymmetnc part yidds the homogeneous Maxwdl equations as a solution for arbitrary u rinoe it must 
vanish Eq. (4) also yidds the homogeneous Maxwdl equations. 






where. 


( 6 ) 


Following Sdirodingcr, the Einstein temor on the right of eq (6) is takoi to vanish rince this is purely 
gravitatioad aid the decttomagnciic fidd is assumed to contribute a negligible energy density compared to tbc 
massive source for this solution. This leaves E-tilda on the left with no appveni structure e.xcept as detemuoed 
by its dectromagiietic torsion effects on the right. Since we have shown that tins tensor is symmetric and 
paeudo-Rkmannian we assert that its structure' .1 be that of the usud Einstdn tensor but tluA it now‘ is a 
more generd functioo of a metric tmisor that ind jdes die eiTocts cd* dectromagiietic torsion Wc can drop the 
lilda notation since and g-lildas on the right will only contribute in scccnkJ order. This leads us to the new 
Einstdn equabon. 


FIELD EQUATIONS AND SOLUTIONS: 

fhe govermng cquabons are chosen to be (for vamshing charge current sources): 

F *^‘=0 


llicse equabons are funebons not only of the metne and clcctromagnebc ftdds but also (d the test parbde 4^ 
vdodly. The dependoKc on the 4-vciodly is not unexpected since in dassical correspondence the vc'odty- 
dependent Lorentz force must be acccmntcd for aid tbc conneebon dcscribe.s precisely Uiosc forces This has 
be;"!! a bone of conicnbon. but this is a classical theory and that is life The test charge rest frame is chosen for 
simplicity in the solubons 


Cunsenabon of tbc Einstein tensor yields exactly the wave cquabon for the EM field and thus Maxwell's source 
equations 


This vanishes idcntiedly since it can be shown that the wave cq is 


(») 


and thus the new Ijiislcni tensor is awiscrvcd 



Solutions for the tlvee cases described above are: 

(1) SKIERICAI. GRAVITY PI.US ELECTRIC HELD 
The sphcncal interval is. 

dt* = eV- e*dr*- r*dB*- r*sin*0#* 

>Me ignore QM terms for our “zero ooupliag approximaiioo” to find solutions: 

V 2M 2kQ 

e «I- 

r r 

r 

(2) LINE CH.\RGE ELECTRIC HELD 

The cyiindricai interval is given by: 

- e'en*- e*dr*- r d^^-dz^ 

The soiutioos arc: 

e = * (10) 

.(l*4.Aln I) 

R 

2A 
E = — 
r 

We have taken K A « 1 R is a constant of integrabon A is the Une charge density. The temporal aMttie 
ooeOident fits the standard dectnc potential form. I-2 k<I>^I . a idogous to tlK gravitational form. 
which was adso the case for the spherical dectric fidd sidution 1>e| here is predsdy the line charge potential. 

(3) CYUNWtlCAL IINIFORM MAGNimC REU) 

For this cane, the dassic Rotating Frame metric was found to be an cxaKt aoluiioa of the new Einstein 
equation It can be staled that the magnetic fidd is equivalent tc a routing spatial frame The interval is given 
by 

dt^ = (l-.oV) dt^ dr^ r^d^* - 2or-'d4>dt - dz' 

Ihe solutions arc: 

goo=l+2KvA » l + Kr(vxB)= (l-o)V) (,,) 

9bi= 

Fo, =(vxb) = o» F„ = -6 

0) = -kB is the cydotron frequency for the orbit EM fidd solutions arc shown here with respect to standard 
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aoitveclor . BisacoasUot. the ou^nclk; Tidd. Note ihiM the solmioos arc fiven with respect tt> standaid 
"tel vectors” The solatiaos as found from the theory are with respect to‘liase vectors” The relation between 
unit and base vectors is given by; 




lg„g.v p ("« 


Tlais. for cxaoqtle. in Ac magnetic soiiuion; 

F.r. =-8r 


MATHEMATICAL ISSUES 

In order to obtaia the above results covanant derivatives were passed throi^ the 4- velocities. The BKXiviOioo 
for diis. other Aan it greatly simplifies the work and gives physically correct results, is that the 4-vclocity is 
a pmalld vector fidd on the curve (geodesies) hence iavariant to order K ia die field equtems oo the liffa. 

Tbs was nor a rigorous i iiaiipliiwi at the time, just a coapcUii^ one. I have included a ligoraus proof ibai 4- 
vdocities cffectivdy pass Aro«^ oovanam dUTcrcniiaikw wiA reflect lo the coordinate^ ia the Appendix 
uau^ a Differcmiai Forms approach. The proof derives the fmdameolal Identity (crpi 3) that Rianarm satidies 
and deariy shows that dm fam vdodties fall out ”as ihougfa they are coostani" It therefore asserted in this 
work that difTcrcaiiaiioo can pass tlaaugfa the 4-vdoaUcs A full ngorous approach might use a Fiiider Space 
oootextfJ Vargas uses such m approach in his works } in which the 4 vdoddes wc indqxndcnt varidiies But 
that is beyond the scope of the present work. 


AN EXPEAIMENTAL PKEIMCT1(»4; 


The theory suggests that a particle of charge e. aid mass m, immersed in a suitaMc dcctric field but nndiiddcd 
and siqiported will sec. in its rest franre. a limerhfrehi^ from the proper dme of an exieniai obsena- arising 
from the dectrcMtadc polcuial at that iocadon. Since we have an exact soludon for a line charge dectncfidd. 
it is a ppr op r i ate to use this field for a test Let us suppose that wc nave a distribution of lest charges, for 
example free protons (q=*c). between two oonocnlnc cylindncal dcctrodcs. an inner cyNnder of lachus R j and 


an onicT cylinder of iadiusK 2 - Wc further aipposewe are able to create a situadon in which the protons arc 
momentarily at rest or at least moving slowly while expericodng an intcmc dcctric fidd. For cxamfde, Acy 
may be immersed m a dreicctnc medium, bw must be ai least raomcnlanly ionized wi A eketrons stopped and 
removed to the positive dectiodc. The rdadon between proper dme dements ai any two posidoos r| and r-> 


within the dielecthc is given from Ac theory by: 
dX{r ) rr.-| 

- =/ +2icAJ«l - I 

dx{r4 L'iJ 


( 12 ) 


where k - -c m and A is the line charge density fbe second; ^ is the classical line charge potcodd 
appearing in the goo soliuion of our Einstein Equations This equation is exactly analogous to that for the 
graviinUonal red shift Ihe negative dcctnidc is Ac zero puicndal reference for the free proton 


If we choose r| as the ocnicr dcctrodc R j , then the laboratory time is defined throughout by r 2 = R j. where 
wc may dcfiDC the zero poienual at the negative dectrodc at R| . We Aus have a dme effect depeuding on 
IT = -ve'm for the proton in its proper frame One ptusible dock for such a test is Nuciem Magncdc 
Resonance A proton plaoed in an intense decliK fidd within a radio-frequency iramvcrsc fidd T{|" coil aligned 
ortbogonaily to a uniform nu^neuc held. I|q. is rcsonait at the Lannor frequency, id = y ^ \y wboe the 



gynnagaeiic ntio, Y,for ibe protcn ipiB isp ro pon i oMl to dm Wednis have • uMraldock. Frameq. 

(12) we expect tbe pioioa's dock fiequeacy to dqpead on its poduoo wift icspea to the zero potential electrode 




oo is tfacs given by; 


w(r) 

The Lsnnor field distribobon is tfacs given by; 


(14) 


From this it IS straightforward to (sIcttUtelfacNMRIincsIu^iew diift that will result when the dccttic fidd is 
turned on as compared to the fidd off. Rgute 1 dtows the result if this caladabao for R|/R 2 =OJO. 



Hg 1 Normalized NMR lineshape as a fuacboo of magnetic fidd for dectnc fidd off 

(sharp bnc) and on (broadoied) AH is the Use hdf-width. 


With the E-fidd off, all the protons resonate simultaneously at tiic Larmor frequency and a sharp sweep fidd 
line will resirit - it's width asswned to be broadened by the Hq- idd ioboiDogendty and local fidds. With 
the dectnc fidd on, protons m dilTercat potential points will cor tribute to the signal at different times in the 
sweep thus further broadening and shifting the liiK while redudo; the line intensity. We assume the the natural 
width is much less than the dectric broadening. Pulsed methods nay be necessary to provide for protons 
momeolafily at rest. Under ideal drcumstaiKes. for a free proton in a 5r magnetic fidd with a lOkV/cm dectric 
fidd and decirons completdy removed to the boundaries, a line shift and broadening of approximatdy six pans 
per million is expected 
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SUMMARY AND CONCLUSIONS: 


We have shcma lhal classic^ dectrodynamics. neglectii^radiauve effects, can be onbcddcd in a geometric 
framework in a sdf coosisteac way ihro^fa Ifae sdutioos of the fidd cquahoos for the appropride metiicd and 
dectrom^inetic ftdd variables. In the process. Maxwdl's equations fi^ oiu ndurally from conservation and 
synutetry requiteaieiits. From these solotioBs. not only are the oonect doctrom^netic fidds found for a 
spherical dectric Held plus gravity, a line diarge dectric fidd and a umform magnetic fidd, but also the 
expected dectromagnetic potentials appear in the metric tensor dongsidc gravitdional potentials. The procedure 
by wiiicfa tlus is acoomfdtsbed is partly grounded in Sdirddiiigcr’s afTiiie dieory through a new "electnxfynamic 
oonnccdon”. 


All that we have shown here is consistent with what is cuirentiy observed. Coexisting dectric and 
gravitational fidds act indepcndeatly, within the scope of present measurements, on charged test partidcs. yet 
appear to share sinniar geometnes. A dassical netttrai partidc cmi pass with impunity tbough an 
dcxXrooiagnetic fidd suggestiag that dectromagnetic fidds do not influcooc the global geometry. In a sense 
we have a "rdativiiy of geometry* since test diarges with rhfTcreat ic experieocccaniespandiiigiyscaied 
geometries in their rest frames. Indeed, dectromagnetic forces are vdudty-dependciit which stems from die 
natiBe of the Lotentz transformaiiou . 

Finally, it should be stres.scd that we have made several simpiificalioos. We have only induded order k terms 
from the start. Wc have ignored the energy-momentum tensm . For the dectric fidd srdutioa we chose the rest 
frame and assumed splrerical synunetry which is not strictly correct. We also ignraed weak coupling terms. 


APPENDIX A: 


Hk curvature 2-form for a differentiable romifold refened to local coordinates x*^ endowed with a general 

nonsynmietric connectirai is given by: 


Q^= i R'^ dx^A dx” 

The torsion 2-form is given by: 

- S* dx'^A dx” 

2 

where. 


(Al) 


(A2) 



is the torsion tensor of this work, iliis torsion, although a dircu product of a vector field on a curve in X,, 
with a tensor field (xi is ncver'iidcss valid with regard to defining a differentribk manifold since each field is 
itsdf differentiable on its domain. It can be shown that the exterior covariant derivative of the torsion 2-form 
is related to the curv^rc 2-form from the well known result (5): 

DQ'=-Q‘. Adx*‘ 

{A4) 

ilic crucial point of this result is that with differential forms, the covananl derivative is the absolute derivative. 
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so thtt pattial covaiiant deriv^ives, rdevant in coordinate repre: cnunions, need not be omsideted at idl at this 
potirt. 

Now the vector in genend is the sum of a feodesic Kravitatioi al eompoDcnt and an dccnom^netic 
coMhbidioo of onleric We can ignore the electromagnetic cootiibutioo to the geometry since it will eater the 
field equatioes as order K^. Thus, siooe is then a vector on t geodesic . we auy conclude without 


besiiatioD or question that 

IhJ « 0 (AS) 

We now etpuitd (A4) using the above results to find; 

DS*^ a dx''A dx**- i R‘^ dx^AdA *a d*’’ 

kU DF„ a djC/i dx*- R‘^ dx*‘Adx' a dx® (A6) 

Now idilizing the covariant pwtial on the qpatiai field F yidds; 

1 CU dx*^Adx^ dx"* R*^ dx^^xdx' a dx" (AT) 

In cooqxmrat form this becomes precisely the equation. (4) above. 

F*v ) = R{Ava) . (AS) 


TImis Eiq (3) is a valid result and the fact that the partial oovariiut deriviuive passes throu^ is an artifao of 
the oonqxment r epre se ntation of a possible Differoitid Fotms ^iproach to tins theory. I dioose to acBiere to the 
oomponcm approach and adopt the rule that cowmant partial differentiation with respect to heed coordinates, 
TC*.in will pass through vector fields defined on a geodesi: in X^. 
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ABSTRACT 

A spinning Wack hole wilh accreting disk of matter md axially directed jel(s) of ejecta may promote a catalytic 
process of vacuum energy extraction by weak nuclear force reactions. This process would have profound 
co<unologicaI impItcaikHis and offers rroionale for a luminosity mechanism in jets, anti-matter emission in jets, 
dimpled regions in jets, and some deep space gamma emisskm peaks. 

innovative interptet^kms of three known quantum level effects each offer rationale for Ijrfrotatory scale 
mattef/spacetime mteraetkm using nuclear magnetic lesonaiKC techniques. The natural model of putative 
vacuum energy extraetkm represented by a spinning black hole may potentially be mimicked in a laboratory 
setting by cxpkMing dte solar neutrino flux, using off-the-shelf equipment, in the near-term, with no major 
design challenges, and at relatively low cost. 


SPACETIME GEOMETRY 

At first look a perfect vacuum af^rears to be nothing at all. However, this largest (by far) of the three compo¬ 
nents of our universe is a void with very real properties. In Max Bom’s wa-ds, (1%2), “In itself the four 
dimensional spacetime continuum is structureless. It is only the mutual relations of world points disclosed 
by experiment which in^rress a geometry with a definite metric it.“ 

To dris structureless Einsteinian spacetime geometry may be added a directional arrow of time defined by our 
notions of enm^y increase and causal order. Gravity is the one different force in that it distorts tfte directional 
metric to influence the kinematics of those world points which so impress. In other words, ”... gravity shapes 
the arena in which it acts.” (Hawking and Penrose. 1996). 

Finally, on the smallest scale of the vacuum, virtual particle production, distribution, range and annihilation 
dance in discordant causal tempos of mass and uncertainty, correlation and charge, (Gribbin, 1984). Examined 
finely, this vacuum is dimensional and directional, and continual and causal, and hectic, and metric, and really 
quite energetic. Hardly "nothing at all”! 


GEOMETRY OF A BLACK HOLE 

Consider now a black hole in spacetime. This is the corpse of a massive star cata.strophically collapsed to within 
its Schwarzschild limit when pressure from nuclear fires no longer resist its self imposed spacetime curvature. 
The hole's gravitational mass overwhelmingly detennines the meinc of spacetime surrounding its event hori¬ 
zon. This, together with the hole's angular momentum and net electric charge, influences the kinematics which 
order accreting material into a death spiral ending at the event honzon - or boost into new life along an axially 
directed jet of ejecta perhaps a thousand light years in length, (Thome, 1994). 



A$ accreting matter apfMoaches the distorted s{>acetime near the < vent horizon it experiences slowed time 
rate-of-passage. In this region, weak nuclear force coufrfing increases (hie to uncertainty relation influence on 
virtual panicle production and range «ound accreting nuclei. Additionally, accreting nu»siess psticles 
approaching the distorted spacetime region experience gravitatio tal and time blueshifting of their energy 
and frequency. 

As an example, consider that virtual particle production and range of inteniMditfe vector bosons increase 
around accreting nuclei near the event horizon while incident stc lar neutrinos exhibit blue^ft of their tqipinent 
kinetic energy. Together these effects should promote induced beta* reactions in those accreting nuclei. 


FIGURE I Induced Beta* Decay in a Slowed Tune Region 



In figuir 1 an intermediate vector boson mediates the weak nuebar fewee reaction between a nucleus and a 
blueshifting neutrino near the event horizon of a black hole. Uncertainty relation influence in a 

slowed time region extends virtual “W'’ particle lifetimes, allow ng them to range far beyond their normal 10 ’^ 
cm distwee from the nucleus. This essentially increases the crofs sectional target area for neutrino interaction at 
the same time that gravitaiimial and time blueshifting increases ipparent neutrino kinetic energy. 



FIGURE 2 Weak Fc»x.'e Reactions in a Spinning Black Hole System 



In figure 2, some of the proton rich and unstable nuclides survive to be ejected from the system in a jet due to 
natural half-lives and to time dilation influence on natural half-lives near the event horizon. The decay products 
of subsequent beta^ reactions include positrtm and neutrino emission plus secondary gamma emission from 
nuclear transition states and from positron/electron annihilation. This gamma signature may be modified by rel- 
ativi.stic effects from near light sp^ velocities in entrained matter in the jet, or by Compton scattering of 
gamma [diotons to longer wavelengths through gammVelectron coliisions. 

Disrupted regions in jets might be caused by instabilities attributable to concentrated internal beta"*" and gamma 
radiation pressure initiated by neutrino bursts from collapsing stellar cores. Jets then visually exhibit an histori¬ 
cal record of far distant supemovae while producing a short lived and distinctive gamma emission peak for each 
such event. 

The blueshift of apparent neutrino energy on entering a distorted spacetime region may validly be inter¬ 
preted by an observer also situated near the event horizon as a borrowing of energy from the vacuum. 
This borrowed energy Is “trapped ” or locked into an accreting nucleus by the weak nuclear force reac¬ 
tion and then carried away from the event horizon by that nucleus in a Jet. Therefore a balance sheet 
accounting of energies into and out of this putative black hole luminosity mechanism suggests a catalytic 
conversion of spacetime energy into radiant and kinetic energy with profound cosmologicai implications. 

Consider a neutrino of 0.42 MeV energy commonly produced in the jH,p fusion reaction in stars. As its apparent 
energy blueshifts near the event horizon of a black hole it may enter into the following reaction, A1 (v, 3') Si^’. 

After transport away from the event horizon in a jet, Si^’ releases on average 4.8 MeV through its beta+ decay 
products while returning to its original .Al^’ identity. (Nuclides and Isotopes, 1989). This catalytic tenfold 
energy surplus is energy drained from the vacuum. 
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GEOMETRY OF SELECTED QUANI UM LEVEL EFFECTS 


Replacing the black hole in the process described above with a I iboraUMy scale mattei/sp»:etinic interaction 
mechanism similarly abic to distort time in the local region sumtunding atomic nuclei might allow caulytic 
vacuum energy extraction here at hcnne. Those matter/spacetiim interaction mechanisms commonly cited in the 
literature include ultradensc forms of matter, exotic forms of mailer, megatesla electromagnetic fields, and 
applications of relativistic velocities. These might be found in tf eoretical exploitation of collapsed stellar bodies 
in deep space, in Ubt^tory exploitation of the "Casimir" effect, in attempts to manipulate charged virtual 
particle pair distribution and annihilation in the vacuum, or in theoretical “Tipler" machines. However, none of 
these would seem to offer near-time doable laboratory approach is to vacuum energy extraction with practical 
(positive net return) results. 

Innovative interpretatkms of Itucc quantum level effects each Ik'I d prtnnise for a more practical matter/ 
spacetime impaction mechanism. Fm- example, maximum violation of weak nuclear force parity conservatioD 
may be viewed in a Standrud Model light as disappevance of w :ak force "charge” into the vacuum upon a 
reversal of massive particle spin handedness, (Get^i, 1981). Tliis acceptance or letuni of weak fsm char^ 
by the vacuum based on partkie chirality may be interpreted as a sort of mMteWiH**cetit»e interaction 
me^uism distinct fhmi those commooly dted in the Utemtare, and midear spin manipulations are 
easily accom|dished in a laboratory setthig udng nuclear magnetic resonance techniques. 

A second quantum kvei effect having potential for matter/space time interaction may be visualized in Flatland. 

A Flatland resident cannot manipulate a two dimensional chiral outline in any way which can |»oduce its 
envitiomori^. However, a three dimensional Solidlaader can eesily turn over a two dimensional outline in 
his third spahal dimension to produce th: enantiomraph, (Gardi er, 1964). The Flatiander watching this 
extradimensional inversion, since he cannot kx>k "up,” would sie only a quantum transition with no 
intermediate state of orientation. 

A three dimensional chiral particle, such as a left hand spin pro:<m, may be similarly invcited in a fourth spatial 
dimension, if such exists in Nature. This would produce its enatitknnorph, a right hand spin proton. This 
cxtradimcnskmal inversion will now a{^>ear to a Solidlander ob «rver as a quantum transition. For us, massive 
partkde inversions in a postulated fourth spatial dimension ire identical in appearance to quantum spin 
flips. This rqiresents a sort of matter/spacetinae interaetton necfaanism disthict from those commonly 
cited in the literature, and quantum spin manipulations are ea^y accompiisiied in a laboratory setting 
using nuclear magnetic resonance techniques. 

Finally, phase entanglement has been shown by the Clauser/Fte :dman arid Alain Aspect experiments testing 
Bell's Theorem to strongly and non-locally correlate polarizatit n angles between pt^ons created in a common 
quantum event. This connection has been described by Herbert, (15^5), as “unmitigated” (by distance), 
“unmediated” (by any known particle or force), and “immediati ” (simultaneous anywhere in the universe). It 
is here assumed that phase entanglement can be assigned as a (t ;stable) property of spacetime. 

Massive particles created in a common quantum event are also KMi-locally, though perhaps not strongly 
correlated in their spin orientations, the massive particle analog to wave polarization angles. For example, 
beta' reactions may enrich a working fluid in phase entangled proion/electron partners. Such a working fluid 
may be produced by neutron bombardment of a magnesium iso ope, Mg^ (n,p’) Al^’. 

Electrons formed in these beta" events and eventually bound in atomic orbitals may now be spin aligned in a 
stationary magnetic field - and electron cloud alignments then nfluence nuclear alignment to “spin up” or 
“spin down" states. The phase entanglement enriched aad spin tiigned working fluid can next have a magnetic 
resonance tuned radio frequency field applied to nuclei while e ccuon partners continue to be held spin invari¬ 
ant on at least one axis by the stationary magnetic field. When the resulting “irresistible” proton spin flips meet 
their “immovable” electron spin partners, the assigned spacetin c phase entanglement property between them 
may “twist” to distort spacetime in the working fluid. This enforced geometric distortion of an assigned 
spacetime property represents a potential matter/spacetime interaction mechanism distinct from those 
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comiiKMily dted in the literature, and the quantum spin man^lations are easily accomplished in a 
laboratory setting udng these nuclear magnetic resonance techniques. 

MIMICKING BLACK HOLE GEOMETRY IN THE LAB 

All three of the quantum level mattcr/spacetime interaction mechanisms pressed above depend upon oppos- 
ingly chiral nuclear spin orientation manipulations. All three mechanisms may be tested in a spinning nuclear 
magnetic resonance apparatus in which a ring of woricing fluid is held in a magnetic field rotating with and 
therefore stationary to the fluid. This field quantizes the fluid and orders its nuclei into spin up or spin dovm 
states, with one sute dominating depending on polarization of the magnetic field. 

Application of a scanning radio frequency fleld, pf^ierly tuned for isotc^ic make up of the fluid and for 
magnetic field strength, interacts with nuclei through photon absorption to cause quantum spin flips. When 
the nucleus later emits the absorbed photon, (resonance), it returns to its original spin orientation. The relative 
propmtion of spin up to spin down populations upon initial alignment defines a thennal equilibrium state for 
the working fluid as a vriioie. (Chandrakumar and Subramanian, 1987). 

Since the testing prt^ram here proposed is concerned not widi resonance return signals, but with demonstration 
of spacetime distortion cmised by nuclear spin manipulations, the Z axis of the spinning ring would be aligned 
with the solar neutrino flux. Nuclear spin up and spin down states then present opposingly chiral aspects to 
incident neutnnos to take advantage of weak force parity violation temperament. Similarly, spinning the ring 
cyclically reverses random off-alignment-spin nuclear aspects across the X-Y plane to give a uniform 
probability of interaction for the fluid over^l. Any spacetime distortion produced in the local region surround¬ 
ing working fluid nuclei could be expected to induce beta' reactions through uncertainty relation influence 
and blueshiftinp energies - just as in the spacetime distoned region near a black hole, in space. 

The first goal of a laboratory experiment would be to maximize the number of quantum spin flips in order to 
locally overwhelm some natural equilitxium state between weak nuclear force “charge” and the vacuum, or lo 
maximize the number of quantum particle inversions locally crowded into a postulated fourth spatial dimension, 
er to maximize the number of “twists” introduced in the assigned phase entanglement spacetime prqjerty of an 
appropriate working fluid. For all three rationales the station^ magnetic field would be as strong as possible to 
maximally skew aligned spin populations to a single dominant orientation, while the scanning radio frequency 
field would be applied at intensity to suddenly and massively invert thermal equilibrium in the fluid. Hopefully 
this results in sufficient distortion of local spacetime p*:omc»'y to induce neunrino/mattcr interaction in nuclei 
chirally aligned with the solar flex. 

Success in the testing program for any one of the three quantum level rationales would thus be indicated by 
induced beta" decay reactions. For all three mechanisms success then also results in enrichment of the working 
fluid by more phase entangled beta' partner panicles. Assuming that phase entanglement is appropriately 
assigned as a spacetime property, then the potential for a runaway reaction is evident for any of the three test 
regimens. 

Given induced beta' reactions in the working fluid, removal of proton rich and unstable nuclei along an axial 
pathway then completes the mime with black hole geometry and allows release of spacetime energy to the 
environment as radiant and kinetic energy. In the lab, however, this working fluid may be returned to the NMR 
ring to give a closed loop of catalytic vacuum energy exUaciion. Perhaps a central black hole with its jets and 
galaxy of stars and gas clouds attendant fo; . 1 $ a grand sort of gravitationally bound closed loop too. 

The proposed test regimen uses known technology aixl virtually off-the-shelf equipment so planning, assembly 
and start up should be possible on a near-term basis for at least two of the three matter/spacetime interaction 
rationales. Preparation and liming for test of a pha.se entanglement enriched fluid will take longer and require 
standard health physics safeguards in the lab. No major design challenges would seem to present except for 
consideration of the "runaway" reaction possibility. This might dictate a hydrogen atmosphere surrounding the 
test apparatus and/or very high threshold and very short lived reverse beta half-life structural materials for the 
test apparatu.s such as silicon and its oxide (Nuclides and Isotopes. 1989). 
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Cost of the proposed empirical regimen would not be exoibitam if equipment availability and experiment 
feasibility are considered in comparison to test regimens for these matter/spacetime interaction mechanisms 
more cranmonly cited in the literature. Any near-term alternative apimnch offering (wactkal results and not 
fatally violating physical laws is worth a try considering the scale of potential remms in many fields accruing 
from a successful experimental outcome. 


WHENCE THE ENERGY? 

The Big Bang theory of cosmology posits the universe of all things as wiginating in a beginning point source. 

It is philosophically uncomforting to think of the three components of our universe as coexisting in separate 
forms in a singularity. Matter, energy, and spacetime may dl have been homogeneous universe “stuff'’ at some 
level of organization dating back to the one primordial singul8r>ty. If so, then not >jst matter and energy are 
interchangeable; matter, energy, gQjl spacetime are all interchangeable under at least one set of admittedly 
extreme conditkms. 

So whence the energy gained in the beta'/beu'*’ cycles discussed in this paper? It would not seem to come from 
spacetime within the cveiH horizon of a black hole The theoretcal event boundary isolates “inside" from “rest 
of the univase” rather convincingly, and of course there is no i.‘o]ated gravitational well upon which to draw in 
the ptopc..ed empirical te^. An eveitt horizon’s surface area anyway represents the total entropy of a black hole, 
and by extension it represents die total number of past histories that the hole could eva have h«) in coming to 
rest at a single point in space and time, (Hawking and Peraose, 1996). To reduce the hde’s “irreducible” mass 
energy would in essence be to resurrect enhopy and revise history. Further, for a beta'/beta'*' cycle draining 
energy from a black hole’s interior, unlike the claim made for Hawking radiation, there would seem to be no 
way to satisfy the Hawking/Bekenstein relation that dS(^i^ phis must always be greater than or 

equal to zero, (Thome, 1986). 

A quite different aigument holds that a black hole’s spin angula* momentum, a quantity known to be 
extractable, yet cannot be used to ^stify eiwrgy gainoi wifli du weak force reaction cycle. Simply put, the weak 
force cycle’s energy surplus should still hold fm a nucleus pass ng near the event horizon of a non-rotating 
black hole and subsequently esc^ing its gravitational trap ballistically. 

Energy gain in the beta'.beta'*’ cycle would thus seem to come from distorted spacetime surrounding the event 
horizon of a black hole and from the distorted spacetime surrounding atomic nuclei in the laboratory ring. This 
violates no entropy law since the source of energy is not counted as energy or as entropy while still resident in 
its spacetime form outside of an event horizon. Conversion of \ acuum energy to radiant energy, essentially 
adding "new" energy to a universe then slightly depleted in spacetime, can only leave dS(,Q]j. plus dSy^jyg,. 5 g 
unchanged now and increased later. 

ll is important to note that a majority of nuclei undergoing beta decay in a black hole’s accretion disk probably 
arc captured by the hole - so the hole too increases in its irredu:ible mass energy as a result of this and from 
blueshift of any other particle energies as particles fall to their final entrapment. Black holes must therefore 
swallow spacetime as they swallow matter and energy - wcl as convert spacetime into new energy for the 
universe - if the arguments presented in this paper hold true unlcr critical review and empirical test. 

If so, then black holes in space may increase the universal stoit of mass energy enough to one day slow to a 
cusp cosmological expansion through process of vacuum energy conversion. This process will be done on Earth 
as in the heavens. For by mimicking black hole geometry in a I iboratory setting and exploiting weak nuclear 
force reactions wc too will convert spacetime into radiant enerj y for the great benefit of mankind. 

“For since the creation of th; world 
God’s invisible qualities - 
his eternal power and divirc nature - 
hive been clearly seen, 

being understood from whi.t has been matte... ” 

;Romans 1:20, NIV). 
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ABSTRACT 

YBa^Ca^ high KinpcnaacsigKnjoataiciarsaBqdes were weighed OQaicloctiooicbalttiocdani:^ a wanning cyck 
begbuttog at 7T*1C. Theeapcnaieuiwascan^vRdsotliatlheYBa^Ca^ sateiial waswei^iedaioBgwiiha 
nagnet. a target mass, and liquid Nitrogen ooolanc The weights were captured during Nitrogen evaporation. 

Resuhs imhcaied nnexpected variations in the system weight that appear as a function of temperature md possibly 
odtcrpuatneiers. 


1. INTRODUCTION 

Dr.E««enePo(&ietnovicpoas‘'^ane]qperhaeatw(icfefaatotatiiig. sigiereooled YBa^CtijOT.. disk ^^nrcntly acts as 
a shield between die EaiA's pavitaiional Geld and a Stboon EHtnidc saovle saspcaulcd fram tbc ana c£ an electronic 
badaoce. Sample w^m changes ate reported laii^ii^ 6oni .05% to .3% dependmg cn die vekx^ of rotatioo erf fee 
s^eicanchicior. During Ae period'^fiaicAe weight effects were leconied the supereondocTOr had a tempermae 
range between 20K 10 70K. Tbe superconductor was suspended over a lotoidai solenoid and was m a stme of 
IcvhaiionthK tote Meissner Effect A vmying magnetic freld was placed around the superconductor and the 
frequency was varied between 501 {Zand 10^ HZ The gicmcst weight change occurred at the hi^esl fretpiency. 
However, the weight redoctioos appaicmly occuned even vdicn die rot^g Aeid was tinned off md the 
siqieroonducua stopped rotating. Fintber anoourions wei^ behavior was reported* using Podtleinov’s 
e xp c r i m e o tal design, but with significant simpiificaoons 

The experinMMal designs reponed to date have basically followed the Pixddetnov approach. Thmis usingawragbt 
suspoided over the top of die supetCGoductor (SC), and the weight being connected to a balance Essentially we cmi 
vew the weight and the SC as two sqnratc systems. In such an experimental anangemcm dctcnnmiiig if 
'‘gravitational siuckfotg” is at wrat as opposed to an action-reaction force, such as m^netic or dearie fields, is \%ry 
difficult. TlMtefore, die experinnental approach described baein creates a system in which the action-reaction 
components cancel each otfier. 

The cxperin^tal qiKsikm is whether die YBa-Cu,D; SC material acts as a graviiaiional shield in that mass situmed 
above the SC loses weight while the SC is m die supercooled state. It must be noted that very little theory 
exists*-*^’ that predicts a gravitational interaction with SC’s at the macfoscopk; level. Most assuredly no 
engineering formidas exist that aid in system design. 


II. EXPERIMENTAL DESIGN 

The experimemai approach reported herrin has two pha<ie.s; 

l^se 1 The determination of weight anomalies m a sy.slem consisting of magnet, coolant, SC. and target mass. 

Phase 2 The deicnnination of whether variations in the target mass produces a prop<^niooale variation in system 
weight. 



Figwe (l)sbows the lest DMKiel used iB phase 1. It con^ of a SO cc piailk presaiptioD niediciiie bottle. A rare 
earth Cobalt disk magnet (^ipfcxiinaiety .S Tesla, Edmund Sdentiiic part mnaber CS2.867) is attached 1.9 cm 
below a 2.S4 cm-by-.Sl cm SC (EdaMmd Scientific part ntunber C37,446) disk. The mr^net is held in (dKC by 
sytrofo^ and plastic resin is used as a platform for the SC. A smaU idastic bead is used to provide air space 
between the SC and the resin surface. The SC, bead, and r^inpiaiferm ate ghied together. A nionber 2 nriiber 
stopper is glued to the bottle’s cap to act as a targeL This target mass is approximately 10 grams. Four .5 cm 
boles are drilled in tte bottle just above the top surface of the SC. T lese botes tdlow liquid Nitrogeti(LN2) to enta 
and act as the coolaitt during the weighing. The bottle plus magnet. SC, target, and LN2 will be heretofore 
designated as the system. Not having any arginecring guidelines fa the consliuctkm of ttiis test model, the 
aiticality of the dimensions provided arc uncertain. 

The experimental methodology is merely to cool the SC to 77*1C using an LN2 bath. Some LN2 enien the bottle 
through the boles. The system is then plaoed on a sensitive digits eiectrook balance. In the case of Ibis expeiHaent 
a Saiiorius Model 1207-MP is used. It has a reacMulity of .1 mg and it its reading every second. The 

baUmce has glass slkhng doors at the lop and bodi sides, so the mode can be compieiely enclosed fa more aocmate 
weighing. A six-omce styrofoam ciq> separates the balance’s pm frim the system. This distance seems sufficient 
lu prevem the magnet from mtcracting with the balance’s etecuo-inc>hanic$. However, balances are subject to 
magnetic influences tuid diis is an vea of noise that could not be conqilciely eliminated with certainty. 

As the s^ion sits on die baianoe the LN2 is evaporating and, dterehire, mass is leaving the sy^em and the balance 
reads a continue weight decrease over time. The balance’s thgilid readout was videot^ied during the full q;ian of tiine 
^ LN2 is evaporating and beyond to assure that weights are gmberod after the SC warms passed its critical 
iempcr^ac,Tc.ofappttHiiiiai^9(fK. The video camera uses &nm tape md contams a tune and date stanp so 
the time down rol-seoondmiervads can be recorded along whb the wei^ leadings. T< cm vary 1^ sevettd degrees 
from one piece of YBajCujO, to anotber. The exact value of T, wa^. rmt determined doing ibe cotnse of these 
experiments. The LN2 in tte system appeared compietely evs^oaial after ^xmm 2 minutes. 

After each weighing cycle the videotaped readings are irmscribed to jd Mkrosoft Excel Version 5 spreadsheet. Bob 
the time and deconeqnm&tgwetgin me |8aced on the spreadsheet The graphs contmicd herein were generated 
u.sing Excel. The taw data plots ate presented along with a 4-p(^ averse ptet. The 4-point average serves to 
smooihe out the low level muse, but does not disguise the anomaimis weight behavior. 

The test model in Figure (2) wm used for Phase 2 testing. The mag.iet and SC are the same as in Phase 1. The 
magnet however, is glued directly to the SC, and then this comptei is glued to the bottom of the bcKtte. A nyloi 
boh is attaclied to the bottle’s cap. 2.38 cm X .31 cm rubber wadms are then bolted m as required to vary the 
weight To atkl more weight two brass washers are used in place of ihe washers This arrangement creates a rigid, 
but modifiable target. 


III. PREDICTED RESULTS 

In this experimental design, if the SC ccis as a gravitalionai shield, hen the system should display a gain in weight 
as it wann.s pa.s.scd T^. This gain in weight is expected because whe i the test model is placed on the balance, it is 
already in the supercooled slate and, therefore, shielding should be oxurrmg. In essence the system is lighter when 
it is placed on the b^aiKed and in theory we would assume it wouk gain weight as T, is passed. The weight vs. 
time curve should show an abrupt slope change at the point of tians tion and then a conbnuation with the previous 
.slope characterized by evaporating LN2. 


IV. PHASE I RESULTS 

I-our(4) trials were performed during phase 1. Two trials were with the SC. The third and fourth trials used rubber 
and brass conuol.s re.spcciivcly instead of a SC; yet. no other feature. were changed in the sysicm. 



Trial 1 results are shown in Hgive (3). Using the gravitational mass scale as shown we can see a high degree of 
linearity in the evaporation curve until a sharp sk^ change occurs at around 46 seconds. This linearity is apparuM 
down to the centigram level. The sharp slope change is unusual, but cm be easily explained as being the point ki 
which the LN2 has completely ev^mrated md the balance’s sampling rate is itot fine enough to catch transitional 
points. 

Nothing putkularly raiexpected appears in the weight vs. time curve. But. the linetfity allows us to perform some 
mistical analysis that could reveal effects to a much lower level. First, we make the asstmption that T, occivs 
somewhere between 0 and 45 seconds. Second, we esiimale the actual evaponlion curve as given hi Figure (3). by 
fitting a line to the actual data. This is done simply by using the slope intercept fomuila with die first weight at 
time 0 and the second weight at time 45. The inietcept is the point with Ae weight correspomling to time zerofO). 

We know that a curve in two diinensions can be tepreseiUed by the following formula: 

w(t) = l(t) -f n<t). where w is weight. 1 is the linear put of the curve, n is the nonlinear, and t is time. 

Therefore, n(t) = w(t) - l(t). 

Letting Kt) be the linem estimate, n(t) represents the nonlinear behavior of w<t) with respect to Uus line of 
estimation. n(t) measures the deviation of weight from the Iktear. If KO is very dose to w(t), tboi n{t) will display 
very minute varituions in the weight. 

n(t) is plotted in Figure (4). Note die linearity is so tight between KO and w(t) that iKO’s scale ranges tmly 20 mg. 
We cam easily see effects at the mg level. We can see the obvious 5 mg increase in weight beguu^ at 16 
seermds. The target ma.s.s weighed about 10 grams. Hence, we oteerve a .05% weight inoease. This percentage is 
what Podkletnov noted as the lower level of observations he had made in bis initial work.' This moease seems to 
evolve over a period of about 8 seconds. Then a sharp (teceni occurs to the original slope of the “pre-event” curve. 

The saiiK experiment was repeated in trial 2 to see if the results oouM be rc|;4icaled. Figure (5) shows again the high 
linearity during the first 45 seconds. Figiue (6) uses the linear estimation technique as in trial 1. Note the 
aipearance of the weight increase beginning at ^xwi 25 seconds and contininng to about 33 seconds, an S-second 
cycle. Also, this weight increase is again at about the .05% level. The fact that it occurs later in tbe warming 
poiod is an interesting variation from ttial 1. Alsa the concavity of tbe chart is concave down, rather than up as 
in trial 1. 

One of tbe significant challenges in this experunental arena is finding the right combmation of contrds to narrow 
the possible explanations for the results seen in trials 1 and 2. Possibly the curves merely display the normal 
evaporatkm behaviw of LN2. Or, possibly the magnet is interacting with the balance. Some insight can be gained 
by using a control sample material instead of the SC. Hence, trials 3 and 4 used rubber and brass respectively. 

Figure (7) shows the evapwation curve for rubber. Note the linearity again, so wc were immcdiaiely able to apply 
the linear estimate technique and plot the results shown in Figure 8. At the same mg scale as in previous trials no 
obvious and anomalous weigh' effects are observed. 

The experiment was repeated using a brass control sample in trial 4. Tbe weight vs. time curve is .shown in Figure 
(9). The results here are a bit more nonlinear. However, we still applied tbe same linear estimation technique where 
the results are displayed in Figure (10). Again, wc see no obvioos weight anomalies. 


V. PHASE 2 RESULTS 

Recall that in Phase 2 the lest model was redesigned. The major change, was actually putting the magnet much 
closer to the SC. This had the effect of increasing the local magnetic field entering tbe SC by a factor of over 1000. 
The Sample SC has a critical magnetic field much lower than .5 tc-sla. Therefore, tbe SC was being over-saturated 



by the magnetic fidd. The SC, therefore, could not achieve sijqperoiiMliictivity. Qvcr-.aturating the SC was not 
intmitional and it was discovered (hiring the Phase 2 expehmentat cilibcaiioiis and m <x»versatioos with the SC’s 
tnanufacUMer. ThecalUxMkmperfoniied was merely cfaeckmg the freseuie of the Metssatf Effect at LN2 
temper^ure, 77*1C. The Meissner Effea was never achieved with dis oonfiguniiOB. 

However, die trials performed in Phase 2 offered some nteresting and soqirising effects. In dial 1 of Phase 2 we ase 
a 13 gram target wdghL Note the subtle slope idienatioD at arounl 17 seconds in the weight vs. tiine curve. Figure 
(11). The slope decreases for a short burst then cootiiHies on wiA its previous slope. Usii^ the bnear estimation. 
Rgure (12), we see Oat at the 17-secoad point what might be BMer|«eied as a very subtle morease in wei^ hut tlus 
could be merely judged as noise. Figure (11) diows an obviots decrease in slope, which would indkaie a sm^ 
increase in system weight Of coarse, dieseanamahes could easil) be relegated to noise effects. Figure (13) 
displays a (nr chart of the slopes from 7 seconds to 27 seconds of the trid run. The slope is umply Weighs - 
Weight^,. Note that at 17 seconds the slope is markeiMy less tihan aB others in the group. This decrease in slope 
can be explained by a system weight increase of .05% to ^iproximately .1%. 

Trial 2 increases die target mass to 27 grams using two brass wasb». Figure (14) shows die weight vs. tune curve 
and again we see the slope anomaly appear at 16 seconds. The linear estiiii^on carve is shown in Figure (IS) and 
the increase is dearly seen at the 16-socond point lepresenling a wdghi increase of appioxunaiely .05% to .1% of 
the target weight. Doddng the target weigbi seems to produce a p^oportioaate increase m system wd^ during 
wanning. 


VI. ANALYSIS CMf THE EXPERIMENT 

The experiraental data to dare is very difficult to interpret To assume toar gravitational dfects are m work is 
prenu^e. Other possibilhies exist and wit! be discussed below. 


1. Thermal conductivity changes in the superconductor. 

If the diennal conductivuy of die superconductor (Ganges around tb; critical temperattue. then wc woidd see caanges 
in the LN2evaporatioande, which coidd account for some of the oiserved results. Howeva, these dfects could lie 
ruled mit because the thermal conductivUy of this particular type ol SC actually begins to increase at T<. and peaks at 
about The increase is small from approximaidy 3.5 to4.0 wattsAneter/K degree. The comhiciivky is 

very flat up to around 130^. So, the smallness of the change in Utermal comhictivity is not expecred to produce 
the observed results. Yd, evoi mote is the fact that the thermal coiiductivity increases. Hus would cause die 
evspo.atian rare to iiicrea.se, not decrease. Therefore, such a change in thermal conductivity would (le observed as a 
decrease in system weight, not an mciease. 

2. Thermal State Changes. 

One of the most probable causes of the weight smom^ies is the pre found changes that occur in the SC s specific 
heat around its critical temperature. These thennal changes are par iculariy proaounced vriien die SC is in a mixed 
stale, which is induced by the external magnetic fields. If the SC behaves the same as other high tonpenUure 
superconductors in a magnetic field, then at some point near the critical tesaperamre, the specific heat should show a 
high amplitude sf^e. Under such circumstances die ev^ioraiionndc of the LN2 would increase. Such an event 
could easily explain the behavior of the evaporation curves. Unfor unatcly, the effects of the thermal stale changes 
could not be confirmed. 

3. External magnetic fields. 

Such fields are the most viable candidates for the observed resuks :ind the most difficult to rule ouL The 
experimental surroundings were not shielded against electromagnetic fields. The Caa that the rubber and brass trials 
showed none of the effects observed with the SC trials, indicates dai the magnet attached to the system did not 
contribute by itself to the anomalous effects. However, the contro s do not rule out magiwtic effects brought on by 
the superconducting material, even though (he SC does not atiuevc superconductivity in Phase 2. The obsermtion 
that the proportion of weight increase remains constant even as the target weight is doubled aJ.so indirectly 



diminishes the extcnuU magnetic field possibility, and contribmcs some validity to a gravtfatiooal sliielding 
explanmion. However, further testing is necessary to rule out extemal fiekl mflucnces. 

4. Effects within the Etectroaic Balance. 

Ttese effecu are good candidates and must be ruled out by tepeming die expaiment using other equipmem. The 
assinnpticHi m these expehmeais is that effects within the balance would occur at random points mi would oM occur 
in die s»ne places or in the same way durmg successive trials Therefore, balance effects would not explain die 
rcpe^idtle results obtained in these experioienis. 

5. Random Noise 

We can quickly rule out random effects because of the fact that the experimenial behavior showed cansisteat and 
similar results during each trud executioa. 

6. Atmospheric effects. 

Because LN2 is evafiorating inside the dosed balance diamher, signiOcant thennal effects arc occurring. Convection 
cunenis would be prevalent and the balaaoe may be effected by die temperature changes. The assumption in these 
experiments is that tumo^pbcric effects would behave in a random manner and would show up differently during the 
experimenial leplic^ions. However, ideally this experiment cooki be greatly improved by perfenning it in a 
vacuum. 

7. Rapid condensation of water vapor. 

These dfects are assumed to behave randomly. 


VI. HYPOTHESIS 

To provide a h^xnfaesis Clothe cause of Aese observed pbraomena Is teaqtting. The effects seen 1^ varyii% the 
target mass appears to poim to a gravitatioiial connection. However, the fact that in the experiment siqKfoondiictkxi 
was prevented by an over-s^iiff»ing magnetk field would lead one to guess that die material displays some 
temperature dependOK critical points in its own gravitational imeractioo, wfakh are possftdy indepradent of the 
electronic effeas causing superconthictioo. The critical temperature for the giavitatkm^ imeiaclioa may be 
somewhat different (ban that of .sopeicondoction. No viabie dieory m presems eiqdains or prcihets die (Aenamena 
observed m these experiments. Obviou-sly a great deal more work is required wkli rigorous exanunatioa and 
replication within the scfentific community. 

Since these cffeu.s were oteerved at die macroscopic level, a useful endeavor might be to d»ciibc the phenomoia 
using a Newtonian perspective. Miniinally we observed in these experiments a weight anomaly at die .05% level, 
let 

Force = 

where G = 6.67 x Iff" nt-m^/kg^, 

M, = mass of the Earth at 5.98 x I0"kg, 

R = the radius of the Earth at 6 37 x 10' meters, 

Mu,^, the mass of die experiment^ target. 01 kg for the first set of trials. 

GM,/R^ = 9.86 using the values provided. 

Hence, the force between the taiget ina.s.s and thcearih is 
9,86 X .01 = .0986 nts. 

7he anomaly appeared as a decrease in weight of .05%. or 4.9.3 x 10 ’ nts.* The qucsiirai now arises regarding what 
is really chmging to produce the weight anomaly: target ina.s.s. Earth mass, the gravitational field, or some other 
paranKtcr(.s). To assume that the masses have dianged woidd unmedialcly open additional questions regarding 
whether inenial mass changed equally. Is the Principle of Equivalence violated? Another perspective would be to 
assume that the gravitational field is altered locally above the SC and the masses are left unchanged Tbi.s would 
imply the gravitational constant G change.s at some point around the SC’s critical temperature. 





Ghas<Uinensunljengtb(L)*/(Mas$(M)xTiBie(^ If «« assuDoe tiiat nuss does not change, then we are idt with 
length and/or time. For simplicity sake, assume that lime does not change. Therefore, we can argue that if the Held 
constant G dianges, it is a resuh of a change in length measure. O, we can establish a very restricted form of 
r^ivity wkhia Ote domaio of stqmoooducdvity. 

Since all variables, except length, ate consideied invariaDt under a iransfonnation that occurs at the SC's erhkai 
ieinperaiuie(Tc), we can unmethaiely write ? relation between reference frames above and below T.. 

L'/L E (F'/F)''', where L'and F are the length and force measun‘.s as observed below T^. In the case of trial 1 

with a 10 gram target mass. F/F « .999995. Therefore, L’/L * .9)9998. Or, L' ■ .9999WL. 

We can use the infannation determined above as a form of boundary cooditioo in deienniaing a metric ttansfonnaiion 
equation. The behavior of the weight in these experiments can be descrired as shown in Hgure (16). Notelbestq> 
near the critical lemperaure of approxmimely 90^. We know that superconducting D^'lerials behave electrically as 
shown in the figure in that electrical resistance also drops to zero a> a siq). The following equation is a good 
rqvescMalion of the experimental behavior. 

(i) L .L,..w(l 

where T is the te mper atm e in degrees Kdvin. T« is the crhic^ temperature. B is die apfiropriaic sc^ factor 
determmed by boundary conditioiis. n is a real manlier dial is detamined by die bandwiddiaroiHidTc. n and B need 
to be deromined experimentatty because diey seem to be material dependent In Figure (16) for this discussion we 
let 6 & .999998, Tc= 90K. »d n = 10. n does not need to be a whole number. 

Using Equation (1) we can b(^ asking questkms similar to those telaied to Special Relativity. What do observers 
in one leferenoefnnie see luqipetBi^ to events oceanic in another reference fimane? b the erne of these 

expnmwms we are speculatmg that die rtference frames ate lebKC as a function of temperanoe. such as Eqm^on 
(1). The laws of physics transform mvariandy because £<piaijon(]) merely behaves as a constant in derivatives ctfL 
and L’with respect to liine. The distance metric ^preserves its form, so MaxweD’sEquatkms and General 
Relativity tnmsform invaruntly. The conclusion of Ihb qieculation is the observers in the above-T.. frame will sec 
measured differences in physical pbenomena, such as weight, occu ring in the below-X, frame. 


VII. CONCLUSIONS 

A great deal more work is required to determine the validity of this anomaloiis weight behavior. The observed effects 
in Ibis report and in others have been very small, but defintiely on he macroscr^ level mid they are detectable with 
simple appmatus. Most high school laboratories could repeat the < xperiments described m Ibis teporl Replication 
of the experiment described in these pages is encouraged, but the f< Uowing avemies of research also need further 
investigation: 

• Test the effect of cascading magnets and SC’s above one anoUier. Would Ibis mcrease the anomalous effects? 

• Different configurations of mrqpietic fidds. both static and *■« ying need to be examined. 

• DifTerent types of SC maieria’s need to be tested, such as Bisi wih conqioands and other varieties of high 
temperature SC’s. Not all SC o liilerials may bdmve as the one in these experiments. 

• Further tests need to be made using increasing target mass. 
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ABSTRACT 

I briefly review a number of phenomena that anse when static and dynamu boundary conditions are 
imposed on the electromagnetic vacuum The static effects I treat arc the /cro-temperature and finite 
ten^rature Casimir effects and the extraction of energy from the vacuum. The dynamic effects include 
fluctuations of the static Casimir force, the inertia associated with vacuum energy, vacuum induced drag, 
mass fluctuations and mass anisotropies of scattcrers. and the production of photons fr .im vibrating quantum 
cavities 


INTRODUCTION 

Physical consequences arising from the imposition of boundary conditions on the vacuum state of the 
electromagnetic field were first predicted by Casimir in 1948. Since then these “Casimir effects ” have been 
found to be important in a remarkably diverse range of physics, from condensed matter and particle physics 
to atomic physics and cosmology (for reviews see 11-21). Despite the enormous amount of theoretical work 
relating to the measurable consequences of the Casimir effect, only a few experiments have been performed 
to test the large number of theoretical predictions. Furthermore, alt experiments to date have been directed 
towards measuring the static Casimir effect, where the boundaries arc cither held fixed, or are varied 
adiabaticaliy. Since it has been my experience that few phy.sicists are aware of che rich range of phenomcn.i 
predicted for Casimir-type effects, 1 have collected together a few of the more interesting ideas and 
predictions regarding siaiic and dynamic Casimir effects, so thai th*' interested reader might be made aware 
of them, and in the hopes that this may stimulate the investigation ol these effects experimcnlally. 


STATIC CASIMIR EFFECTS 


The Ca.simir effect between conductors 


The Casimir effect is usually described as the force of attraction between two neutral conducting plate, in 
vacuum duo to the reduction in the number of zero-point elcctromagnciic field modes within the cavity For 
a pair of perfectly conducting flat plates, the force per unit area exerted on the plates is 

‘— 240J' 


where d is the spacing between the plates, h is Planck's constant (reduced), and c is the speed of light (3) 

In this case the Cas- r force is attractive. In general, however, the magnitude and sign of the force depend 
intimately on the p timetry' of the cavity and, in particular, can be repulsive as well as attractive [4-7] For 
instance, in the case of a spherical shell the energy density inside the cavity is positive leading to a repulsive 
Casimir force [7,8]. 


Casimir's result for the force between conductors due to electroinagnciic zcro-poini oscillations was 
extended and generalized by Lifshitz, (9( to include the force between dielectrics in vacuum. Lifshitz’ 
irealment is far more complicaied and less obviously a manife.slation of zero-point effects, however, ihc 
theory does rcprotluce Casimir s predictions exactly in the limit that Ihc dicicciric constant goes to infindy 




Both Casimir’s and Lifshitz' results have been re-derived a great number of times using a wide variety of 
approaches (1.2], (10-15] 

Measurements of the Casimtr effect 

Because the Casimir force is exceedingly weak and short rangt d (for conductors with a plate separation of 5 
microns the force between the plates is a minute 2.08x 10 'dyt es/cm '). measurements of the effect are 
difficult. These difficulties arc further compounded by the necessity of bringing together macroscopic plates 
to within a few microns of one another, requiring optically flat surfaces free of dust and dirt. Further hurdles 
involve the elimination of electrostatic effects, which can mim c or washout the Casimir force With 
dielectrics, such as glass or mica, the above mentioned difficulties are more easily dealt with than for 
conducting swfaces. and for this reason, the majority of mease rements of the Casimir effect have been done 
using dielectric surfaces Accurate measurements of the Casiimr force between dielectrics have all been in 
good agreement with theory (see for instance 116.17)). 

Remarkably, only two experiments have been undertaken to msasure the Casimir effect between 
conductors, and these were performed nearly forty years apart The first attend was made in 1958 by 
Spamaay. but was inconclusive due to a relative error in the m;asurcnicni of approximately 100% (18). 

This expenment is incorrectly quoted in most of the literature is being the first measurement of the Casimir 
force In fact, it was not until 19% that the Casimir effect bciv een conductors was actually measured {19|. 


There are a number of corrections to the static Casimir force between conducting or dielectric plates. These 
include corrections for surface defects, imperfect conductivity misalignment of the plates, and others. 
Probably the most phy!.ically interesting correction is the finiti temperature correction This lakes into 
account the supplen^ntai radiation pressure caused by therma photons, which modifies the zero- 
temperature Casimir force. At high temperatures, i.c. when the characteristic quantity (4)dcTd/hc) »1. the 


/ero-lempcrature expression for the Casimir force given above becomes 

. 2 4 * 7 - 

- 

And 

where k i.s Boltzmann 's constant, T is the temperature of the p a-cs. and d their separation {20]. Note that ir 
this ca.se the force varies as Xjd' . rather than as Xjd'. as in if f zcro-tcmperalurc Casimir force For low 


temperatures, i c when (4nHdjhc I I . the expression fot he force is [211. 
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The general effect of the temperature correction is to increase the force between the plates 


Extracting Energy from the Vacunm 

Forward has suggested that it may be possible to extract energy from the vacuum using the Casimir effect 
1221 His idea is to manufacture microdevices consisting of a large number of parallel leaves made from 
ultralhin metal foil, which are free to move along the axis minnal to their su-faccs. Each of the leaves would 
be connected to a bidirectional power supply, so that a small i mount of charge could be placed on them. 
Sensors that automatically adjust the magnitude of the charge on the leaves to maintain uniform spacing 
would monitor the spacing between the leaves When the spacing betwe.n the leaves was on the order of a 
few microns, they would experience an attractive force due to the Casimir effect. (Initially it is assumed that 
the devices arc manulactured so that a sufficient distance sep< rates the leaves such that they do not cohere 
prematurely) By placing charge of the same polarity on each )f the leaves, an electrostatic force of 
repulsion may be maintained that opposes the atiractive Castniir force. The charge placed on the conductors 
could then be varied so that the electrostatic force would be Itss than, equ^d to, or greater than the Casimir 
ft>rc'- In the first instance. wi>rk would be done on the device by the Casimir force (vacuum* to reduce the 
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spacing between the leaves In the second instance, no work is being done since the contributions from the 
electrostatic and Casimtr forces cancel. In the third instance, the electrostatic field docs work on the device 
to increase the spacing of the plates Used as such, these devices would act as “vactniin batteries”, storing 
and retrieving minute amounts of charge under the action of the Casimir force. By allowing the conductors 
to cohere, net energy could be extracted from the vacuum 

There is no contradiction between Forward’s idea and the laws of thermodynamics (23]. It must be 
remembered, however, (hat only on the iniiial “in" sweep of the plates is the vacuum doing any net work on 
Ih-’ system. After the plates have been brought to their minimum distance, work must be done on them (by 
the bidirectional supply) to pash them back ^an. The amount of work required to separate the plates must 
be equal to or greater than that acquired by letting the plates come together under the influence of the 
Casimir force. We can very roughly estimate an order of magnitude for how much net energy might be 
generated by such a device. Let us assume a device composed of 101 foliations, each foliation separated by 
5 microns and with an area per foliauon of A = O.lmw '. Since the Casimir energy for a pair of conducting 
plates is 



the total energy generated by such a device would be approximately 
E S3 5>W-" Joules 

To reiterate, this is the maximum energy that could be liberated from the vacuum by such a device. 
Subsequent expansions and cor.!'-»cuons of the system would not generate any further net energy. Also, 
dissipative effects would cost energy each expansion/contraction cycle. If wc allowed the device to cohere 
in a millisecond, the power generated would be on the order of 
P s 3.5 Walls. 

Obviously, this is an extremely impractical way to obtain large amounts of free energy It should be pointed 
out that this is not because the device suggested by l-orward is itself intrinsically flawed, rather it is due lo 
the fundamental physics of the Casimir effect. It is because the magnitude of the Casimir force is so small 
that appreciable amounts of energy cannot be extracted from the vacuum. Nonetheless, we can imagine that 
such a devic" in the form of a vacuum battery may find future use in nanotnachines 

Fluctuations in the static Casinur force 

As first pointed out by Barton [24|. standard calculations of the Casimir force yield an expectation value. 
that Is, an average value obtained after a large number of measurements. In contrast, individual 
measurements of the (identically prepared) ground states of the Casimir plate system will return slightly 
different values for the Casimir force, representing the fluctuations of the force about the mean 
Fluctuations of the Casimir force are too small to measure presently, however, in the near future it may be 
possible lo measure them using atomic force microscopes [2.“']. Indeed, these fluctuations will probably be 
ifie fundamental limit to force microscopy resolution. Another consequence of these fluctuations is that they 
lead to dynamical effects such as the viscous damping of the motion of a .scaltercr undergoing non-uniform 
acceleration. 


DYNAMIC CASIMIR EFFECTS 

Dynamic '^'asimir effects arise when the boundaries defining the Casimir cavity arc rapidly varied. As 
indicated in the previous section, cavities that un ' -rgo non-uniform acceleration arc subject to dissipative 
forces, which lead to i number of interesting phenomena. 

Inertia of the Casimir Energy 

The equivalence of energy and mass, E - me'. implies that energy obeys the principle of inertia [26], 
Hence, a massless box in vacuum will have a.s.sociatcd with it an inertial mass due to the stored vacuum 
energy, and will resist motion. (The inertial effect of the energy stored within the box is separate from, 



though related to, the viscous drag associated with bodies mov ng through the vacuum with non-uniform 
accelerations- discussed below.) Since the inertial mass is indc tendent of the type of field contributing to 
the stored energy of the system, a cavity formed by two massic is, neutral, conducting plates wilt necessarily 
have an associated inertial mass given by the Casimir energy within the cavity divided by c‘ [27]. This 
means that the Casimir energy within a cavity must gravitate in order to satisfy the principle of equivalence. 

Because the vacuum energy density is infinite, it has been argu^l that the zero-point energy cannot be real 
since it should gravitate and there is no cosmological evidence to support this [28,29]. One might then 
wonder if it is possible to derive the same inertial effect without asset ang the reality of the vacuum 
fluctuations. Of further interest is that the energy density within a Casimir cavity depends on the geometry 
of the cavity, so that the inertial mass of a cavity formed from two flat plates will be different from that 
formed from two hemispheres (the volumes being equal). lnde<!d, in the first ea.se the vacuum energy 
density is negative, which leads to a negative inertial mass conection. indicating that a massive Casimir 
cavity of this type would appear to have a slightly reduced total inertia due to the vacuum energy stored 
within it It might thus be possible to experimentally measure end distinguish the inertial effects of a 
Casimir cavity formed from parallel plates and a cavity formec from hemispheres. Such a measurement 
would be very interesting. 

FrktkMi associated with aon-uniform accdcration of mifTr rs in the vacuum 

The effect of uniform and non-uniform accelerations on particles in the vacuum and in thermal fields has 
been studied extensively in connection with quantum field thc<>ries in curved spacetimes . Particles moving 
with a uniform acceleration are known to experience the vacuim as a thermal state with a temperature 
T = haflnkc , where a is the particle's acceleration, and it is B iltzmann's constant. This result is the well- 
known Unruh-Davies effect. 

Some 20 years ago. Fulling and Davies calculated the dissipative force on a perfectly reflecting mirror in 
the vacuum state of a 2d scalar field [30]. Their result may be qi^roximatcd to first order as 
^(r) = (ft/6mr')^ (r), 

where q is the coordinate variable. This indicates that a mirroi undergoing non-uniform acceleration in a 2d 
scalar vacuum will experience a viscous force that is proportitmal to the third lime derivative of the 
position. It IS important to note that there will be no frurc on e perfect scatterer moving with uniform 
velocity or uniform acceleration through the vacuum as required by Lorentz invariance. 

The effect of non-uniform acceleration on scatterers in the (4d) electromagnetic vacuum can also be 
calculated, with the resulting viscous force proportional to the fiWi derivative of the coordinate. For 
instance, the transverse oscillation of a pair of conducting plat:s in the vacuum corresponds to an effective 
force of friction given by 



where o) is the frequency of observation, and A is the area of I ic plate [31). This force of friction associated 
with the dissipative action of the vacuum fluctuations on a scaiterer is many orders of magnitude too small 
to observe directly, however, it may be mea.surable under resonance conditions. 

Braginsky and Khaiili have suggested an experiment to mcasire (his vacuum friction using the resonant 
enhancement of an oscillator mode in an LRC circuit [31]. Thj idea is to place a dielectric having an 
acoustic mode resonant with the circuit inside of a high Q (-13" -10’’) cavity, and look for the oscillator 
frequency shift induced by the (rc.stinanl) frictional force of ihj vacuum. A related shift in the frequency of 
oscillation of the cavity is predicted to be on the order of I pa I in 10'*. 

As an interesting aside, the fundamental nature of vacuum frit tion implies that any mechanical oscillator or 
electromagnetic resonator must have a Unite Q. Of course thu vacuum induced friction i.s so small for any 



macroscopic oscillator that it is essentially negligible. Only when the quality factor involved is extremely 
high that the vacuum friction plays a significant (measurable) role. 

Mass Fluctuations and Anisotropies for Scatterers in Vacuum 

For ‘‘real’’ mirrors, i.e. those with finite reflectivities, the scattering of vinual photons from the boundary 
has an associated time-delay which leads to energy storage in the surface of the mirror. Since the energy 
density of the vacuum is constantly fluctuating, and because of the equivalence of energy and mass, the 
vacuum fluctuations must induce a fluctuating component to the macroscopic mass of a mirror [32]. 
Golestanian and Kardar [33] have proposed that the relative motion of two mirrors with corrugated surfaces 
will induce an anisotropic mass correction, such that the mass in Ihe direction parallel to the motion will be 
slightly increased whereas the mass in the direction perpendicular to the motion will be unchanged. For 
macroscopic plates the estimated mass correction is on the order of dmlm = 10'”, and as such is 
unobservable. However, the mass anisotropy may be observable by coirparison of Ihe oscillation 
frequencies of (microscopic) plates in perpendicular directions. 

Photon production from oscillating quantum cavities 

It has been repeatedly suggested that dynamically altering boundary conditions should give rise to the 
emission of photons from the vacuum This remarkable prediction can be understood in terms of the 
mechanical squeezing of the vacuum by the boundaries. In a sense, the mechanical modes of the oscillator 
pump energy into the vacuum modes, creating photons from the vacuum sute. Schwinger utilized this 
dynamic Casimir effect to explain the phenomena of sonolumincsccnce, in which intense bursts of radiation 
are emitted by the rapid collapse of acoustically generated micro-bubbles in a liquid [34], While the 
mechanism underlying sonolumincsccnce is still not understood, Schwinger’s theory has led to a number of 
studies of photon production from oscillating quantum cavities |3S]. 


Lambrecht, Jaekel, and Reynaud have recently calculated Ihe photon production from a high finesse cavity 
formed from two non-ideal mirrors 135}. There are two photon field.s associated with the vibration of such a 
cavity; an emitted photon field due to Ihe finite reflectivities of the mirrors, and a steady-state field within 
the cavity. Assuming the mirrors to undergo harmonic motion at the same frequency €1, with amplitudes a, 
and a ,, they find that the number of photons N cmillcd over an oscillation time T is 
a I sinh(2/C»(a, +a,y ^ Q sinh(2p)(a - a J 

T 6;tc { r\j cosh(2/7)cos(Qr) ^ 6;r’( rO cosh{2/7) - cos(fir) 

In this expression the cavity finesse is mca.surcd by , where p~-~ Inr,^ , and t is the time that a phoUm 
P 2 

takes to travel from one mirror to the other. The number of photons )V produced by the motion of the 
mirrors in a pair of cavity modc.s is 




knkn 2[a,-(-!/•* a. 1- 


cx cx +(Qx - kxx -k rx f 

where k and k are the wavcvectors of the pair of modes. At exact resonance these expressions lor N and 
^ simplify to 

- 44 . 

2x: c p c* p' 

where indicates the number of photons within the cavity, and where v indicates either the sum or 
difference of the peak veliKity of the rninors. 


For a superconducting cavity with a finesse on the order of 10*' and a peak cavity oscillation velocity on the 
order of v = 1 m/s, the above equations give a radiated photon flux of approximately 10 photons, and a 
steady-state photon number within the cavity of 10. The parameters for the finesse and peak velocity of the 
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cavity are not beyond present technology and so it may be pos^ible to measure this effect using a suitable 
technique. 


CONCLUSION 

The Casimir effect has continued to interest physicists since its discovery SO years ago. In this brief review I 
have outlined just a few of the more interesting theoretical resths of the effect of static and dynamic 
boundary conditions on the electromagnetic vacuum. While tht: amount of theoretical work related to the 
Casimir effect is enormocs, the number of experiments that ha 'c been performed to test the various 
predictions have been very limited both in number and in scope. Of particular significance is the fact that no 
expenment has yet been performed to investigate dynamic Casimir effects. Tb', experimental investigation 
of these phenomena is, in my opinion, a potential source of great importance to our further understanding of 
the quantum vacuum. 
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ABSTRACT: ^ 

A new propulsion method could potcniiailv reduce propellant needed for space uavcl by three orders c< 
magnitude It uses the newly patented electror. spiral toroid (KST). which stores energy as magnetic (icld 
encrg> . The EST is a hollow toroid of electrons, all spiraling in parallel paths m a thin outer shell The 
electrons satisfy- Ute coupling condition, coupling into an ekaron matrix St^lity is assured as long as 
the coupling condition is satisfied The EST is held in place with a small external clcciric field; witho ut 
an exte r nal maimctic field The EST system is contained in a vacuum chancier. The EST can be thought 
cf as a hot entity, with electrons at 116.000.(HM) °C (10,000 electron volts) Profivlsion would not use 
oimbustion. but would heat propellant through elastic coilistops with the EST surface and eject them for 
tlmist Chemical rocket combustion ficats propelbnt to 4000 'C, an EST will potcf>tia!ly heat the 
fnopeliant 29.000 times as much, rcdircing propellant needs accordingly The thrust can be turned ON 
and OFF The EST can be recliarged as needed ? he ESI can also be used for power generauon 

INTRODUCTION 

Three major barriers exist to practical inicrsicilar trus-el propellant mass, inp tin-^. and prr^lsion 
energy freference 7 j Propellant mass reduction and on board e.''ergy production hmitatirvis cari be 
addressed and potentially overcome with technology based on the electron spiral toroid (EST) .K concept 
design of a propulsion system is presented which could reduce the need for rocket prqxdlanl by threo 
orders of magnitude as a minimum Also, a concept design df an tST based on4xiard energy aorage and 
power gcncraiion method is presented which is light in weight, stcies lar^ amounts of energy as 
magnetic field errcrgy, and is rccharge^lc 



Figure i f. draw .iiji of :he Elco'roii Spnal lorcid showing ths IkiI.'ow constiuction, the parallel paths of 
the elccttcns. tlic Dm ouicr shell, and th- mh;n.- field contained n» the liolkiw toroid 




THE ELECTRON SPIRAL TOROID (EST) 


ESTiaRiatiM 

To initiaie an EST. jm dectnm bc»ti IS trafped in a dicular ebc frJd as sfanm. caosng il to spo^ 



Fi9iac2 ElecirabBi^nicjcaedtiKoaCiiaihrMagntticFidd 

Siaoc tbe msij^ietic 5dd is dccutar, the e te ur oos will spical K^Nind tbe m^ebc faRiwi^ field tasBi 
proper tntfiiti oondRioRS. tlie cioctron beam wiii gon itsdC a tnapic- of tte JEST. It is 

shown schenohcaily in Figisc. and fotthcr described in US P: (col 5.175,466 



Figuie 3 Elec(r.->n Orbits set up within the ESI Smface 
EST Surface 

Oocc the EST IS eswblislied, the ekeftons will swead cui into a thin sheet £$ shown in Fig 1. Thsr 
elections arc all in parallel oibtts and a the same xitlocit} Tlie electrons have s'jbKbmtjaUy il^ same costj^ 
suicc they all oomc from tlx suxk etectnm beam ,\iso. m jttipfe spindiiig m the intialiog fidd ensues 
electrons with greater or lesixr \?;ky.!h' will be moved into h ghcr Oi' loww oibit letels lespcctnety. further 
ensuring adpoeni deorons will have the same energy When ilie energy between ad^acon eleeuxHis is close 
enough the cjoctrons will couple together The surface will lectmie an electron nntnx shell Many shells 
will form, one for each energy Icvd The total of these nalrix shells fmtn the EST outer sfeel! »Tk 
oversil thickness of the outer siJcli i.s m the orctc? of !0me ers i IK.'HX) electron diamcl-ns) 


E£T SMf«ac« C9«]i}«ig CrwiHioa 


T¥c UMsMtOB ot tu aystal) for one con^oocai plasLX^ is fovemed by tfae ooi^iliiig fiKXor 

r, desorb i» Gt&en (21, Kr^ [41. and Malndterg |6i r (ci^ to At CoukraA and tiK^ra^ ene^ks 
of ai^ccfll fwrticks of the same charge F is stated here la tons of the Boltzmann coostaal ke . 
Teiaperafvre T. panide charge q. vactmfn pen&ittntty Cc. and pamck deashy n^ 

r * t l%s TXq*'4iref.H4^rwr>j ’ (1) 

vhetc r tciaics the diSeremx tc caetgy betwecp. pankics. ndher than the hbsidute energy The value of F 
aeseds to he > 170 for couf^mg to occiU’ lij Chun f I) has CDtdirmcd th^ conditions for cooptinf do exist 
m die ESI skIkc 

ESTStabAiy 

Once the EST rs formed, and the she!! becomes a matrix, d wiU lenuia m this state as long as the 
ccufdit:' factm conditktes remain szfisfied At this pomt, tt>c external initiating magnetic fidd can be 
lemcved. as kmg le a ss»n electnc field is maimaincd to sabsfy tbe cxiupbtie cendtuems Since it 
sttUe BQs:. codtwrisofeiKtiooscanbt reathU'sfofed. for hqd; tocaiera;^ 

EST Eirnpeftes f From r e fe i mc e f}. 

1 ^Kctfiv Energy of the inbvidBal dtciions: I ’6x I0'‘Mtg - ft 602 x IC *’JfovXi'j^ cvfoKl/9.11 x 
10 kg/e) Hus cot^eres &t\i»ab)y with the ^K!C.fic eaer©' rf U^d oytht^ » I 2 x If? Wtg. 
oronh abom IQ as raicb as the E^ ActudK . the ctmqafisim is Cv beaer. staoc a^ie t^ 99% of the 
oKx^ stored in an EST is stexed as magnetic field enetfy {9} The specitic easigy <rf the EST hsdf (not 
inchtding coniainnikn!) is thus i 76 x iQ ’ Jikg 

2 TotsI energy: Caiculaii’ias todk^ targe amutints td^enogy can be stored in the magaetic fidd (tf the 
EST as It IS scakvi unward ;r. sre (ax Tabk 1) 

5 Enugy Dessstr catcaSalions tlK energy det^y tX Ac EST to be ) .09 x 10‘® ifkf> 

4 Containnieiii this .equires a raaiufi; coikaincr. saA a laagi prcAxxive awr Typical calcdatcd 
values are sliown in T^c J based or. an cstimaijoi S kg per sqiorr- ’sdia muss for ibe auaamitumt 

5 Eimgy Addinon An cstas^i^<6l EST can nave energy added to d in a sasoxjaa id ways Using 
mkTOwave energy, the energy zxn be added « an db&vpfjon eSidency oT arfar'.ximitejy 70%. Tfois, mec 
tise ESI is tslaWuhcd energv can be »dded to increase niagneiic fiekl energy as lequiroii 

6 Energy Rco3*--a! Energy can be renwed m a v-ancty of ways For a rodeet. the EST would be (kaced 

in the oonfou-stitm cttaruncr sX tiic enstoe. Tnc EST can be thought of as a hot ettuty Eketrom icstde at 
i l^.OW.OOO 'C ihnister pts ic iclc ihe chamfcir fscatud tc erdresnely high fcngierattiFes, and 

ejected, producing thrust Tiicrc ‘-s so confonsficm as sath The iieatiBg process can be sianed Md 
^of^Kd :■% needed in s.huiiing dwn (Jv fknv of incoreine gas 

Safety T he TST js non-nucIc.*.r. and non-polluting 

8 Tlinistcr Gas the EST will be omnivoicus able lo lisc any gas for Arust This has ?. powctfol 
inqiiication u» tfeJn :• deep space nxxct <-(,=utd refuel lEscU tvherever »i is as long as it has access to juiy got; 
for propclIaiLi. and ei»ers> Aal can be ?-fded to the EST 

9 Power l-5sses .An csisbl’she-i EST will store clcttroris for a long period of tiine Since no external 
magnetic fidd is required for cotHainnicr.i. losses will be bw Total power loss from ail sources arc 
calculated to be a few watts, hoi work i-v continuing to ifcfiae this more pteciscly 

10 Tci^Kratuvc ITte EST will operate at ail temperatures; from a few degr^ K-elvin, to many 
Aousands of dceiees A.-J loaf as the coupling I’aclw remains satisTied. the EST will remain slAlc Thif 
has tcnpiicauons tt>r deep spsi-c ni!ss!?'r.s. since the E.ST will iw* require nuclear heitters 



CONCEPT DESIGN: EST PROPULSION SYSTEM: 

This sectioQ deserves a prapelsion system using the EST tecinok^ An EST is enclosed in a chaadter, 
amilar m a vacuum chandler where the atmosphere can be oontroUed This b dwwn sdieaiatically in 
Figure 4. The EST is shown in its containmem 1. An nyccor valve 2 is used to iigect p rop el lant gs 3 
inm the dianrixr There is no OMidwstion, instead the iBOpdlam is healed by collisions wHh the EST. 
The heated gas moves around the EST and oitt Uk exhaust poit 4, providiag thnist. 



Figure 4 The EST Propulsion System 

Tire resulting propellant gas temperatiiie can be up to 116.000,000 'C. For this discaakm the 
heating ivili be limited to one tenth that amount, or 11.600 000°C By ctmipanson. a tyi»cai chemical 
based lodcet wmI use uunbustiOD to heat propellant to 4000 (5.] 

The exhaust velocity of the propellant such as hydtogen will be in the order of 1.4 x 10* m/s , 
ctN&paied to the exhaust velocity from rockets of ^roxim itely 4000 m/s. Because cd' this increase in 
vek)^, tire specific impulse will increase from the 300 seands of a typical rodeet to 1.43 x 10^ seconds 
for the EST propulsion system This will translate into a mass flow of propellant that is less than a 
chemical rocket by 476 for the same thrust For a deep spac: mission, 99 5 % of a laundi vehicle is hiel 
and foci comainment, while the remainder is payload {31. 'Ire potential is for a reduction in the 99.5% 
b> a factor of 10^ with a complete design based on the EST. 

Several features need to be discussed briefly Fiis, since the propellant will be super heated, 
contact with the chamber walls or the exhaust nozzle need to be minimized. This is possible with this 
s>'5tcm since the propellant will be an ionized gas If the hea ed ions try to collide with the chamber, they 
will be repelled since the chamber walls are at a positive polt:nlial and will repel the positive ions At the 
sanre tinre. the ions will not combine with the electrons in the EST since the ions are traveling at a low 
eniHigh velocity to preclude recombination, and m addition, the electrons reside in a matrix in which the 
ions will not find a place 



Tte EST will ccmtain 1 76 x 10*’ jouks/kilognun (j/kg) of atagy, compared to 1.2 x I(f j/kg for 
lu^hydR^ T<NaI energy to raise a lOQOkg payload to eanh ofM is in the noge to" jo^. An 
to coidain this amount eneigy would haw a r»bus of 1.2 la^n and a height .40 maers. 
Cakuiatioiis stow the crnitainment for an EST with this much oiergy would weigh 94 kilt^aiis. Very 
large anwunts of energy can be stwed with low mass and low verfume, as shown hi TaMe 1. 


ESTEgqgyStoragPygjBEters 


Total Energy 

EST Radius 

Orbit Radius 

EST Area 

EST Plus Containment Mass 

(Joules) 

(oKters) 

(meters) 

(m-) 

(kg) 

10* 

30 

1 

12 

6 

10* 

.48 

16 

30 

15 

10'° 

76 

.25 

75 

38 

10" 

12 

40 

187 

94 

10'^ 

19 

.63 

470 

235 

10'^ 

3.0 

10 

Ii9 

595 


CONCEPT DESIGN: EST POWER GENERATION 

Power on board a qiacc vehicle can be generated using energy from the EST. Some td' the heated gas 
which is used for propellant can be diverted for use to generme electricai power. There are m^ methotte 
n^ch might be used for this. A magnaohydrodynamic (MHD) is a typi^ system thm can be i»ed. Tto 
h4HD systmn h% the advantage trf having few moving parts, mid so will have the idiabilhy reqtmed 
for space missions. A schematic of the MHD system is shown in Figure S. An EST is used to store energy 
in the chanfoer I. Gas is insetted from a supply 2. It is heated 1^ the EST and moves into a hem 
exchange 3. Where it heats MHD gas, shown as the darker line. A snail turbine 4. moves the MHD gas 
thraigh the MHD (dates where ^xSricity is generated. The MHD gm is then oo(^ using a ladimm’, and 
tetumed to start the cyde. A mote cornice (kscriptHHi is available fiom EST. Inc. 
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STATUS OF THE EST THEORY 


Mudi work has been done over the past three }«ars to obtain an indepeadeal ooofiimalim aad deriv^on 
(tfthc|%sicsorthe£ST This has been largdy oMnpteifid, and the work b (ngoirg. It is stressed hoe 
th^ white the theory of the EST itself has bera indepoidnttiy derived »d largely confi rmed to dale, 
concept (tesigns cf the {wopulsion system and the power gemralioB system have beoi reviewed ody, and 
await a rigorous independent design and confinnatitm. 

Indc p e ndai t Confirmatimi Snawnary of the EST: (Excerpts from rcferaKC 1.] 

Dr Chen, a Senior Research Scientist, at the MIT Plasma Fiisi<m Center, has smnnarued his work over 
the past three years to independently derive and oemfirm the {hysics the EST lecfanology. He concludes 
”... the EST energy-storage cxmaepn faces no fiindamcntai physics limitations . He goes furtho^ 

1. He coidinns that a hollow ECT with a thin outer shell rtf etectroni is supported by Us work. 

2 He agrees his analysis " . ainwfts the experimental obsc'vations of the EST observed by Seward 

3 He presents his conclusion that the electron tcraperature is extremely low, ”... which may si^est the 
eteorems are strongly crxgiled, as shown by Seward.” 

4 He confirms that ‘' . . the EST equilibria exist in the Absence any applied torndal m^netic Md " 

5. He oonfirms that the total amount of energy stored in the magnetic fidd of an EST can be very isge 

Fraof of Concqit ExperimenU 

Proof of concept tests have been conducted in the hdxxatnv of EPS. Inc. over the pmt five years. The 
results have ct^rmed mudi of the theory, and testing is ongoing. Expoiments have cremed midti^ 
ESTs. These have been in the free stale, that is, uncrqitored. 

Test Anrantfus: the test apparatus is an externkm of the apparatus detailed in El% paloite, wMi 
oihancmneiits. The beam saj^y is capable pioducing dodron beams in «inos|Aere. It is an asseidily 
q( batteries capable of prothictng 1500 amperes at ^ to 530 VDC. The coil sup^ is also a battery 
supply, which can deliver 1000 amperes DC thixMigh a cml ised to prottece the initiating magptbc fold. 
The dacron beam and coil are contained in a bdipuwhae he mmos|dime can be omtrdted. 

Test description: An electron beam 750 anqiete-; was generated at ISO VDC. The ev^ was 
recorded m various instrumentation, including video cameras. A test event tests for under 3 seconds. 
Several hundred tests have been ran and recorded In these tests, many toroids have been obsnved and 
recorded on the camera. Thdr aze is r-easured to be Smra lo 1 cm in total •ordd dianieter, and I mm to 
3nun in orbit diaiiKter Duration: > 166 milliseconds observixi. A typical toroid is described in Figure 6: 



Figure 6 Drawing of Observed EST 
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i Diti^ision.^. fT ; l.Snun 5 0mm; ro . .75nimto 1.5 mm 

2. To is set by tiip amount of charge and the velocity, and is observed m .7Smm. 


PatMts and Lkensing 

Two US pttnts have been issued, and three mme appUed for. One intenattoaal pMcnl is ^iptied fiv. 
Licmisiiig of the patents is avail^le. 

NEXT EXPERIMENT; DEMONSTRATION MODEL 

The demonstration d the technology will be done using an cxMmsioii of the testing under way at EPS 
These tests will seek to extend the inoof d concept results into a full sized EST that can be captured and 
nKasured These c.xpehitients wll seek to duplicate on a laigo^ scale, the conditions described in the 
initiation section above. The demonstration will omsist of the folkrving steps: 

1. Establish the atmosphere recpiiied fir electron beam Previous EPS work has detenntnod this. 

2 Produce an electron beam of up to 50,000 A at 200 VDC for 200 milliseconds across a 10 cm gap. 
EPS is iKcsently oonchicting tests with beams >I5,000A. 

3 Ca{Mure the beam in a circular magnetic field to make the beam spiral 

4. Retain the captured EST around the coil 

5. Mearaie the pnpeilies of the EST 

6. Review the results with indqicndait consultants 

Schedule. 

The experiment will require up to three years Tlie schedule in months from start; 

1 6m Produce a 15,000 ampere beam 

2. 9m. Capture the EST around a coil. 

3. 12m. RqxHl observatKMis 

4. 18m. I^odiKe a 50,000 amp^e beam 

5. 21m Capture the EST. Measure its {Mt^rties. 

6. 30m Addencr^. Report results 
7 36m, First port^lc prototype 

Cost of the Experiment. 

1 Cost of the Power Supply: to produce a suf^ly of this magnitude is estimated to be $500,000 

2 Cost of the apparatus: Various components need to be bought or manufactured to control the power 
supidy and to generate the beam and <x)il. These parts are estimated to be $200,000. 

3. Cost of the instnimcntation Test equipment to observe the EST is estimated at S 140,000. 

4 Cost of Labor: The test will require four people full lime for 36 months This is estimated to cost 
SHOOK, 

5. Facility: The space needed must have an overhead crane, ventilation, climate control, and power It 
is estimated this will cost $ 100k per year, or $300K. 

6. Independent Consultants will review this each month : S160K. 

7 Overhead Support Functions $300,000 

8. Cost to build tlie first ponablc demonstration unit. $300,000 

Total cost over three years: $3000K 



PMMECTEII COST OF EST PBOFULSiON AND POWER GENERATION: 


1. The cost of aa EST ec n e rato r will be similaf to the cost of he power supply aad the a^yaratus used in 
tlw eqnwiettt, and is cAiffiMed S340,000. 

2. The cost to m^argc n EST to add energy will be simila* to tbc cost to generate auciowave poivm; 
dboot Slk per idkwatt boor c^nbUity. 

3. The EST cotoainmeiit is sera to be low in cost, as it is stnilar to a vacniai honsiag m its asapkst 
form. A sa^l anit from Tddc 1 above would be abom S200, based on the cost of suular vacuum tubes. 
There k an addHumai cost the hoi»ng to hidd the pressun; winch will be g ener a t ed . The faessme for 
a ^stea of this sort wUl be a great deal less thmi the piessiue a rocket housii^ and will tqiipioach a 
few tendred pounds per square inch, wdl widiin die bounds normal materuds. Tims the cost of mi 
ESThoosiiigwouldbeestimaledtofaeidioiitSIOOper Table 1 hbowe. There would be v^ves and 
controls associated with this containment, bid nothing exotic. 

4 . An EST pawn’ generation system would cost SSQO per kilowatt. Hus is detailed more jnedsdy 
inrefoenoeS. 

CONCLUSIONS: 

1. Calcuiauons and a d^led theory indioMe the EST is a andidate for a bieaktlBOC^ in pecqidsion 
power for space travel 

2 CalculaliMis and a dmailed theruy indicate the EST is a casidklate fm a tucakthio^ in energy sduage 
and power genmmion for space travel 

3. A derwHistratton ted has been dcugned which wiU prove all a^Kctsoftte EST theory. 
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ABSTRACT 


This paper discusses the modification of the Casimir Force as a consequence of the spectral 
enn-^ distribution of the ZPF in an accelerated frame. In the leading terms, the ZPF spectral 
energy density in an accelerated frame takes the form; 


The acederated observer thu.s sees the ZPF spectrum as observed in a Lorentz frame, 
enhanced by the additional term, Ap'(w). Applying the equivalence principle then implies that 
the additional spectral contribution seen in a frame with acceleration a would also be seen in a 
nonaccelerating frame with a local gravitatimral field g = -a = GM/r^ r (Puthoff 1988) where 
the mass M is the source of the gravitational field. A gravitationai field therefore produces a 
gradient along r in the ZPF spectral energy density which takes the form: 


A/^M = 


2rrVH 


Tire Casimir Force between parallel conducting plates is computed with the additional spectral 
contribution in both a uniformly accelerating frame and in a gravitational field. It is found that 
in a uniformly accelerating frame, the additional spectral contribution produces a repulsive force 
between the plates. It is also shown that the gradient induced in the ZPF the additional 
spectral contribution in a gravitationai field produces a net force on the system, which acts in the 
same direction as gravity. Also, by rigidly coupling parallel conducting plates to a gravitating 
mass, it is shown that a propulsive effect is induced which will accelerate the system without 
the use of propellant. The work presented in this paper demonstrates an electromagnetic ZPF 
force which is induced by a gravitational field. 


.^29 



1. Introduction 


The existence of electromagnetic Zero-Point Fluctuations (Z ’P) is a clear prediction of Quantum 
Blcx:trodynamics (QED) resulting from the quantizatkm of harmonically oscillating radiation modes. The 
ZPF can be regarded as a propagating electromagnetic field ir ftee space with spectral energy density; 

where the first factor in parenthesis corresponds to the density of normal modes, and the second factor is 
the average energy per mode. In this p^>er, the ZPF will be t reated as a random classical electromagnetic 
background. The treatment of quantum field-particle interactions aa the basis nf interaction with a 
background of a random classical electromagnetic ZPF is a tec hnique known as Stochastic Electrodynamics 
(SED). SED is successful in yielding precise quantitative agreement with full QED treatments of Casimir 
forces and related effects (Boyer 1975; Puthoflf 1988). The princary difference between SED and QED is that 
QED predicts the existwice of the ZPF, whereas SED assume; the existence of the ZPF a priori (Haiscli et 
al. 1994). 

The ZPF spectrum in equation (1) is Lmtntz invariant (Boye- 1975V However, in an accelerated reference 
frame, the ZPF spectrum takes the form (Puthoff 1988): 


This effect was first described by Davies (1975) and Unruh (1976) using quantum field theory and later by 
Boyer (1980) u.sing SED formalism. 

This paper discusses the modification of the Casimir Fwce as a consequence of the spectral energy density 
of the ZPF in an accelerated frame. In the leading terms, the ZPF spectrad energy distribution in .«i 
accelerated frame takes the form: 

p'(u) = pAo>) + Ap'(c^) = ^ (3) 


The accelerated observer thus sees the ZPF spectrum as observed in a Lorentz frame, Po(<^), enhanced by 
the additional term, Ap'(u>). Applying the equivalence principle then implies that the additional spectrad 
contribution seen in a frame with acederation a would also b* seen in a nonaccelerating frame with a local 
gravitational field g = -a = GA//r* f (Puthoff 1988) where he mass M is the source of the gravitational 
field. A gravitational field therefore produces a gradient alon,' f in the ZPF spectral energy density which 


takes the form; 


Ap'(w) 




(4) 


The Casimir Force between parallel conducting plates is com; uted with the additional spectral contributbn 
in both a uniformly accelerating frame and in a gravitation U field. It is found that in a uniformly 
accelerating frame, the additional spectral contribution prodi ces a rep ilsive force between the plates. It is 
also shown that the gradient induced in the ZPF by the addiuonal spectral contribution in a gravitational 
field produces a net force on the system, which acts in the stme direction as gravity. By rigidly coupling 
parallel conducting plates to a gravitating mass, it is shown .hat a propulsive effect is induced which will 
accelerate the system without the use of propellant. 



2. Modified Casimir Force 


We are interested in calculating the correction to the standard Casimir Force between two infinite plane 
parallel conducting plates in a uniformly accelerating reference frame. The expression for the standard 


Casimir Fwce is 


F ^ TT^ftc 
A ~ ~240d* 


(5) 


where d is the separation between the plates and the minus sign indicates that the force pushes the plates 
together. Now consider three perfectly conducting plates, with the two outer plates fixed at a separation 
D, and a third movable plate at a distance z from one of the plates (see Figure 1) in the limit -4 oo. 
Changing z will effect the ZPF energ>' contained within the volumes between the walls. We can define a 
force (F) on the plates as minus the derivative of the change in energy with respect to z; 


F = -^AW(z) 


( 6 ) 


where AH'(z) is the difference in energy between the two and three plate configurations in Figure (1). 


A 


A 




Fig. 1.— Parallel plate geiHnetry used • i evaluate the force per unit area between two parallel perfectly 
conducting plates with area A at a separation z in a uniformly accelerating reference frame with accclcr£»ti<..i 
o. We assume that D » z and take the limit D -+ oo. Wo, Wi, and Wj represent the energy of the 
additional contribution to the ZPF spectral energy deasity in an accelerating reference frame in the volumes 
indicated. 


We will consider only the additional term in the ZPF spectral energy density in a uniformly accelerating 
reference frame (Ap'(w) in equation (2)) because the Lore itz frame contribution (pc(w) in equation (2)) 
will simply yield the standard Casimir Force in equation (5). By making the substitution u> = cA: we obtain 
the following form for the leading order term in the ZPF spectral energy density in a uniformly accelerating 
reference frame with acceleration o; 

Ap'(A)dA =: ^dk (7) 

The total additional ZPF energy (W) contained within a volume V is then: 


We then make, the substitutions k — {kl + k^ + and: 

~ j 4nk^dk — j dk^ j dky J dk^ 


( 8 ) 

( 9 ) 





(10) 


to obtain tho following expression for the additional ZPF eneigy; 


W = V f dk^ f dky f 
Jo Jo Jq 






For electromagnetic fluctuations confined between conducting plates separated by a distance L, we caii make 
the substitution fcj = nx/L where n is an integer from 1 to to. The energy confined between conducting 
plates of area A and separation L (with A'/* > L), as in Fig ire (1), then becomes: 




( 11 ) 


The integial dn can be replaced within the sum whi-A yields the final expressim for the additioniU 
ZPF energy confined within the volume between parallel conriucting plates: 




( 12 ) 


Let VFq be the addition ZPF energy originally contauned within the volume between the two plates in Figure 
(1). I^t W'l be the ZPF energy contained in the volume between the plates at x = 0 and z = z and W2 be 
the ZPF eneigy contained within the volume between the whites at z = z and z - D in Figure (1). Using 
equation (12) we have the following expressioiis for the addi^nal ZPF energy in each of the regions: 

^ I £ (*= + + (^) ) 

^ i L (*■ ^ ** ^ 


The ei eigy Jiffertnce {AW{z)) between ,he two ca-^ three plate scenarios in Figure (1) 's 
AH'(z) ~Wt + VUj - W(, anu the resulting force on tire plat z using equation (6) becomes; 

- - ^ 

“ ~ dz dz dz 


( 16 ) 


fVom equation U1) it is obvious that dWo/dz - 0, so wc can iiCt. )re this term. Tiiijnt< ihe derivativ t of V,, 
with respect to z wr obtain; 


dVUi ha* / 

dz " d^z^l 

"'dk, fy \i +k* + 

r 

(IV) 

Then bj making the substitutions 

r’’ kl 


(Id) 



we obtain 



Making the substitution: 



and doing a little algeb; u giv'3s us the final expression: 


dWi 

dz 




(20) 

( 21 ) 


( 22 ) 


Taking the derivative of W<i with respect to z v ; obtain: 


dW2 , ha^ /■“ 
dz " <?{D-zf}^ ' 




(23) 


Since O 'S> z and we are considering the limit D -4 oo, we can replace the summation with the integral over 
m and make the substitution ki = mirf{D - z) and dkz = ir/(t' - z)dm to obtain: 


dkzkl{kl+kl+kl) 

stitutions as m equations (18), (IP), and (21) and doi 


•3/2 


(24) 


Then by making the substitutions as m equations (18), (IP), and (21) and doing „ little algebia wc obtain 

,2X-3/* 

(2S) 


Noa- by making the additional substitution u = zk^/ir wc obtain the final expression: 

dW2 , ha3 /■“’ 2/ . 2X-3/-W ^ 


(26) 


Both dWi/dz and dW^/dz are infinite, but it is only the difference that is physically meaningful. 

Ftorn equations (lb), (22), and (26), we have an expression for the force per ur/ a.ea induced on the plates 
by the addtional ZPF energy in a uniformly acceler:iting refeience fiaine: 

~ la ^ '‘’■‘I 

To extract a fir- : physical rceulc, we can use a formal aopfication of the Eulfir-M.'iciaurin summatiun 
formula; 

provirii,d /**>(oo) = 0, where 

f{n)^ j ri^ + dy 




(29) 




Thii. iKpthol gives lif the finsl exp^^Sii^>ll for the ftirce pet unit area .tween pcrallel, perfectly ccmduc^li^ 
fnates indntreci by the udditii uai uMittibutiun tt> the ZPF spectral energy density in an acceteratLng reference 


fraino: 


F _ ha^ 
A ~ 


(30) 


Here., z is the separation between the plates and the plus sig i indicates that the force acts lo push the 
plates apart, which is opposite tne standard Casimir Force in equation (5). Tli** total force between tbe 
plates is ctili attractive, since the acceleration induced force I* many orders of magnituik sirialk^r than the 
standard Casimir force, as tjescribed in the folfowtng section. 


3. Modified Clasimir Force in a Gravitational Field 


Applyirig the oquivaienct priacipk- implies that the additscn.ti spectral rontributioB «en in a frame 
with acc"'ieratiun a would also be seen in a nonarc^eraling ftame with a local gravitatkmal t^d 
g -a = CM/r^ f (FuthofT 1983) where the mass M is the jource of the giaviiathmal field. Subbt-ituting 
the gra'.itationa; acederarton into f^uation (30) yields the ft*! owing expressicMi: 


F _ 

A ' '^ 24 c»iFV 


(31) 


The ^jve expresskw repres»u..s a repulsive etectromagnetic ZPF fc-ice between conducting plates separated 
by a (fcstaiice d ind-.»Ced by a ar>iMi^>onm The farce b-5tween pdates wHh separation d - litni at 
the surtue tV*c Ls only 10“^^ N/ro^, which wouf l be iiupossible to measure witii current 

t?*:lKi»>»ogy, whereas the stnadard Casimir F«wce is of the ord*f i0~® N/Sii*. Even in the iii .ense griviiy at 
thf’ surface of a neutron star where ^ ~ Id*^ m/s*. the rqwL.lve modified Casanir Fierce Is only ~ 10"*"’ 
N/iii* for d - i/im. Although the gra-itatioiiaJly induced Cistmir Force in equ^cm (31) is toctremedy 
weak, it iilosirates an effect that link,'' gravity and electr<»nagnetism which is. at least in theory, pliyskally 
observabh . The effect deinonst? .ies a:i electromagnetic ZPF bree which is induced by a gravitatkinal field. 


Howe.er, a gravitatioiiai field d*jes not represeiA a uniformly acc^rating reference frame Instead, a 
gravitational field {H-odures a gradient in acceleiatkKi which is exhibited by tidal forces. Coasider the 
exj ■iriinent illu-si..ited in Figure (2), in which cwt» paraUcl. ferfectly conducting plates, separated by a 
distance d, are placed in a gravitationai field, perpendicttiar )o the direction of gravitational acceleration 
The modified Casimir Force dcriverl a? ove acts to push the (^cs apa>-t. However, the gravitatkHtal 
acceleration frit by the kiwer plaits, at a distance r from the emter of the gravitating mass, is stronger than 
tlie acceleration felt by ll-e upper plate, at a distance rid f om the cchU-r of the gravitatiug mass. Ai a 
resuK, there is a gradient in the modified Casimir Force. Tnis gradient produces a net force on the t»'o 
phtfs udiich takes the form: 

.4 lAl^if [ r< ('+dj<J 

We assun<e »hat r » d and approximate the above expressiot to fin. 


A ~ GcAdr^ ’’ 


(:«) 


I hc gradient in the gravitational field proouces a net force an the two platos which acts in the ■w'ne 
direction a.s gravity However, the net force on two plates with separation d = l«m .:it the surface of ti.e 
Earth is only ~ 10“*® b'.'m*. 




Otvi ,ts^. t the effect U that a ■sellti c'^uJ'Kting slab ovay take the place of the persdiel 

ct!«d?ict>af |„*at*s DeciiromafruetK >iuctuatk>a.s inseJe a coi.^uctot I’ehave as ^ weie ooefincd betwwn 
para^l l^ates Tha^efbre, a conck»cting sheet <f thiciwss rf wUl experience a net fwce acting in the suae 
direction as gravitw. making the cc-aductor appeij “heavka” u» a graviutioual field. As distvissed above, 
the effect is very uirdl. 


I 


a 


Fig, 2. Two {larallel jierfectly a>nd»cl? ‘g platen with area A at a sepaiAtion d in a cravitaiictoai field. 
g - , used to c-eaitwie the gradient «a the iii.rsd*ficri Caamir For'-e induced by the gratita».k>TsaJ field. 


4. Propuktion using the Mod^ed Cai^imir Force in a Cravitat'onaf Field 


The section h.ts /ihown that the gravity/ZPF induced modifier! Casimii Focce «»n be ased to 

produce a net ao'eleratkm of two parailei. perfectiy conancting tdaius H can also hi; shemm that hy 
fOupUns the plates u> the gr.aviiating mass. tiiC systetB, including the gravitating auiss casi be acceierat-d 
without tiw’ uae of pi-*:>f:c!!an» Figuir iflustrates. an i xafsrde of thi.s Scenario. Tiie ffiagiiita.k of this 
effect is t'ery rfoiall and a-, .ierivrsi as follows First, the af,c»*vAiiciJ of the system must te added to the 
acceleration in equatiop (30* Th^ -wo-eieratiim of ibe system ai-bs tii weekew the apiuirent acede-ation felt 
at rest in a gravitational held, in ifie i.air.e way that accelr'atwig downward in an rievjtoi urSkes yo-j fee? 
lighter Tli*> net forte on ti-.e .'wc p!:tt'.-s irs figure (5; t,- tnen 


VVe tan a°-SU(iie r 


W I 




aiiu iIk- aijove exprcsssion situpliSes < 


F„, -h ff/'W-’ CM 1 , 
A ” fit^d [ 'r'- V- “""j 



<34) 


The- not ej’ivieraticm can onw ’oe ubiai'.iet! by u»ir.» F„,! - lAf -r where M i.s tfae niaes pro(k’*\ag 

the grav;Uuon.al fsdd snd w is the tnass of tiie two plates woh M > tu Solving for we find: 



The maximuni acednauon caa be |»^oduced in tits way is equal to the giavitatkx^ are^^atkm 
Sat by tbe two plates &oin the gravHatuilS msss M. This is :ipfMreik is Um? Knit cl -» 0 (»- A -» oc: 
UaM “♦ TIw Ria({uitiide of this effect very sm^; f x example, for W = 11,7 x 10* kg {1 

Lead), d « l^cm, A -= 1 m*, and r = 2 m. the ae; ^icoderatioo of the syatom in F^nre (3) is cudy ~ 10“” 
ra/s*. Practied aj^iboiCwiis «tmM rennue auvanres in shieMi >g the decU<;8tagRetir ZPF using medio^ 
otk«sr tbaa the patdld conductin; plates described here. Ho*¥v«r, this effect is interesting becat^ it 
fworkles a mediaiusin for creating a fwopubive force without the use erf propeUent, which is a necessity ftw 
someday enairfing travd. 



f 


tig.. 3." diBtrauun nf a proi-clh«a 'Wire »hid) atiiixes the naxitiicd Casintir Force in a giavHatioi^ 
Sdii i > pr&dKce a nc-i accde»ptioo without the use of proppiUjtf. T«jc pAraiki ooD'iucting '>latcs are rigidly 
'OUfrfed to each other and io the eravitating mass Af 


$, Cnncloskiiis 

The wor« presented h»re is significant bncaose it uses kn'^wn i>hys*cs to demon^rsAe phccoutena linking 
gisrtty atJ dkctrcKitagnetisE; tuat are, in therjry, {rfiysicaliy oKsfcfrvable. It found that in a uiiitorraly 
acceittatu^ trame. the additioaal ilPF spectral coutributioo i rodures. a repulsive force between paraliei 
coaduclhir plates. Tins effect wiU also be trKi.'ced by a ^avita .kuial field via »hc equivalence principle The 
gtailient ind ited In the ZPF by the additional sfiertral contril ution Li a gravitational fiekl produces a net 
forte on the system, wmeo arts in iSiC same tjirection as gravity. Ry ngidly rciptlag paiallei conducting 
ptalev to a gravnating mass; a propuUivc effect is induced whi i, wih accelerate lire system without the use 
frf propeUaiit. u-hjch u- a f» <.-essity for someday enabling ii»ters»e?lar ♦ravel. 
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ABSTRACT: 

A dieoty of the ambors vdiere electromagnetism (EM) aod gravtuttion are inited by geometric structure is summarized. 
Recent deveio|»nents on leleparaUei Euclidean connections we described. point m a geometric quamum 
mechMitcai sector for this thec^, canonically determined by a subset of the differential invarimts that define TP. It b 
riwwn that die dieoiys macroscopic [wt could have been obtained by Einstein when atteaqitmg umficatkm dvo*^ 
tdepw^ism (TP, or d»(dute pandklism), had he inqilemented in lus 1929 fidd eqpatioiis two key suggestion by 
Caftan. Cffinectioas with die work of Rit^amacher, Yifanaz and Pulfxiff are enqdiasized hs Cwtan-Einst^ petfi^ee, 
its unification of gravitatkm and (a stq»seding) dectrodynamics, its pranise to reduce quantum m^dianics to classical 
(tai^ent btmdle) Afifoential getKneDy, and its cormectians to *he w of other participants in dus wortcdiq) iqimAs of 
this dicory ’s potential as foimdation stone for the devdqxnent ofbrealcthrough transpOflaticMi technoiegies. 


INTRODUCTION: 

Einstein tried a geometric unification of the physics with TP’-^. We claim that he had the right instincts, but missed the 
roles" for inqilementing dmn. By nd ack^iting two key rules suggested to him by Cattan, EinsKin failnl to mdee 
coXact with both Maxwell’s dcceodynamics and 1915 gravitatirm (GR). Retro^jcctively, the classical part of om 
die«y is what the EiastcM q^em would lave beemne had la followed Cartao's s«;ggesti(»is. Hi^iglKs; 

1. The identification under iqqxt^Miate conditions of the Outan-Bnstein geometric fidd equations widi the syaem of 
Maxwell-Einstein reqmres tlx coimection to be Euclidean non-Iiiiear (i.e. Euclideai of the Finslerian type). The 
relation bdween the EM field uid die torsitm then )ddds the Ru^mracker coisiectioa 

2. The ^temeiH that the Einstein part of the affine curvaime is xuo yields gravitWicMai fieki equations a la Ydmaz, 
i.e. GR type fidd equatkms but with ^vhational terms on the right hand side (Since there is no mmg argianm to 
believe tiat the metric should be non-Rkmannian and since Finslerian connections exist on Riemannian metrits^, 
Finslerian theories widi Riemwmian-looking gravitation are possible). 

3. TP is a statement about the curvwure, wid not just Qnstein's tensor This implies that g,avitation is switched off 
wlan one switches off other fields, which is a FuthofT modiftcatirai for gravitation of a Sakharov thesis for boson 
fields. The vacuian of this thewy is instnmental in making possible the graviating of neutral matter. 


MODiriCATIOtN SUGGESTED BY CARTAN OF EINSTEIN’S TELEPARALLEL THEORY: 

Einstein’s Field Equations And The Cartan Suggestions 

Since “in Riemannian geometry there is no parallelism at a distance”^, Einstein postulated TP, his field equations being: 

R;,, = 0 (la) R,„..’’ + I^n,R’\ =0 (lb) 

where the R'^ arc the components of the torsion. Semicolon denotes covariant dilTerentiation. In coiresporidence with 
him^, Cartan explained that a physicist may assume (hat he is living in a tcleparallel universe and not require that his 
system of equations deicmiincs the telcparaUclism. But hir system “will of course contain the 16 equations 

+ R^xn.. + K,,., + R,.xR;. + R,.,R'.> + R„KR‘xn = 0” 


.^3'J 


( 2 ) 



(first Ctftan st^gestton). (2) is die first Btedd ideatdy wid afiWie curvuure set equd to zero. Carton foiled to 

mention to Einstdn the aH-inqiwiluK nde vdttch this ecpation (^ys ts «i in^pratNUty (»ndidon. Equatkms (1), <m die 
other hand, are of the nature of restrictive cooditiorB diat die theorist can choose. 

The second su^estion e rdtted to vAnt Bast^ (fid his system. Because a tdeparaliel comectitm has zero a£Bne 

curvatwe, conStaA frame folds csi be chosen over finito regions of tie maiufi^d. The stntctwe can then be am^etefy 
( 9 'tfo ccN^cieftfr (and derivatives diereof) relatiiig a CO istant frme Add and a coorxfin^ ba^ fie^ The 

torson, in particular, can be expressed in terms of (and deriva iws), ivlfidi can then be taken to a system S of 
equmions for the torsion to make a system S’ fior h,,^ Emstem tried to solve S’, i.e. he tried to solve for die full 
(teleparallel) structure. This is not the task of what Crntmi ctdled die (diysktst, but vAiat. for expository purposes, he 
called the or builder of uiuverses. The problem is not that Einstein tried to be a demiurge (die kieal physid^- 

geometer), but rather his trying to <te so widi a system whit* was in essence a system for just the torsion, the metric 
being independent of the torsion. Tius appears to have pronqiied the following Cai^ comments. 

The laws of die denuurge, Cartmi stated, must ’’allow him to rect^ee diat his space is (srvature free”. He woa on to 
say that q^stero (IH2) is determkustic for die purposes of the phys cist, but not detemiiiMStic for die pufp(»es of die 
denuurge, and that die ^em (1H2) be t^en as a staitmg i>xm for a physical theory which woidd rely on die 
getteral notion of Rtemnuan space endowed widi curvatwe and tension bm m order that its physics be d^rmkustic. 
(nher etpiahons watld have to be added to brit^ in the cunxOure’' (second suggestion, our enqdiads). ^istm only 
briefly (fiscussed the extension (l)-(2) of his system (1) and meonuedy (fismissed it. He conatkred extensioiu fay a 
cunature eqt^on only kidireedy Bxl briefly, fri Jwie 1930, foisteai reported to have abandoned his system (I) beemise 
“...accending to those fidd «)umions, diere are no gravitational effr^ ...”^. In a 1938 Idler, Einstein stated vridi 
respect to TP that (a) one (foes oat arive a any tensorial expressicn for die dectemnagnetk field aid (b) the theory 
leaves too much fredlom for die cIk^ of field (|uanlitics*. In anothd 1938 letter, Einstein stat^; “... telepaalldian 
doesnotlead many way to ai expression for the electroin^i^cfid«r’ 


Imidcnieotation Of Cartan’s Si^gestioBS 


Eii^em ^qiarettfly foiled to rx^ice that a Euclidean coimec^on (d^' can always be wrinoi in teniis of die Levi-Ci'ita 
object Op', now playing only a metric role, aid the corXcxIion p^'' 

(iik.'^ = a^'' + p/ (3) 

Details on the treatment of this equaion in the language of forms ae given elsewhere* (The connection, T/x, arxl the 
Quistoffd symbols of the taisor calodus ae nothii^ but die components of and re^iectivdy). The conqwiKiKs 
of die coidortion, P/, are linear ctunbinations of the conqxmeids R^''; of die t(Msion form fT*: 

fT* = daf - (o* A Os,** (4) 


d is the exterior derivative and tfo a^’s are such that the sian of their square is the metric. Had Eifstein noticed eq. (3), 
he would have substituted it in the expression for the affine curvahac in terms of the coiuiection 


A fully geometric equation of the type 


a/==‘dtOp'' Ox' 

Gp 


(5) 

(6) 


would have enr.erged. Here G^v is the Einstein tensor of general relatvity (OR) and T^y is a geometric tensor (details to 
follow), as Einstein had hoped. The connection b^ween the geometr / in T^ and die (fiffeient terms that one puts on the 
right hand side of Einstein’s fold equatiems of 191S has to wait unt I hinher development of the theory allows for the 
different physical conce{ds to be eiqiressed in terms of geometric con :epts. 


By finding gravitation in eq. (6), Einstein would be iefl with the las< of identifying electrodynamics in the system (1)- 
(2). He would have linearized this syst«n, as he linearized his sys cm for hp,, consistently with his opinion “But no 
reasonable pr^jon believes that Maxwell’s equations can hole rigorously. They are, in suitable cases, first 
approximations for weak fields” (p 93 of Ref, 4). Had Einstein dnipped the quadratic terms in his equations (2) and 
(I b), he would have found 

R , n ..’'-0 ( lb ’) + ( 2 -) 
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Idouification of Rot, witii the con^Moents of the form gives Maxwell’s ec^iems, but ttus system would ikm be 
oivffiisBtt undn boosts. This difiictdty toshes if Eqs. (lb’H2’) are Finsierian etpiatkms. The system 

*Wm+W+IWx = 0 (7») 1^ = 0 (7b) 

mua be pictur«l to result in die process of transforming a pure-field Finskrian theory to a particks-in-exterml-fields 
diecMy. Finsierian taros should also enter dw Ein^dn ^em in prineijk. and should vanidi in the same process. 

An obviois course of action for Einstein at this point would then be to drop Eq. (la) as unnecessary and to add a asrent 
tom to Eq. (lb). 

= 0 (8a) IW:’’ + 1UR"'*=V («>) 

Thus, when linevizii^ dds system, one woidd get a ciBient term on the right hand side of (7b). The system (8X w4iidi 
vKHild only be valid under cmiditions whidi allow one to neglect die properly Finsierian terms of die tordon, to be 
ctHUplemented with either Eq. (6) or the fidi ctwature equation from wtuch Eq. 6 is derived. 

One cmi only ^leaiiate on the evolution of tfrffereinial geom^ and of this theory in psodculaB' if Einstein and Cattan 
had reached the ^em of Eq. (8) and (6). Atnoi^ other dungs, die fact that the gravity equadmi would now be fully 
geometric aid that electrodynamics comes out nonlin^ woidd have told ^istein that Ins mstsK^ about udfiadion 
w^ TP woe ri^t (Indeed, even dxiugb he got nodtir^ out of TP, Einstein had diis to s^ abiHit lus evenfrod 
abandonment of this pc^tid^e: “... I did need a very kx^ time to be sive sdxMit this, smee I was so very &scinaed by the 
fotmal natiualness of tl» theory”^). He woidd have resized that this ^11 is an incon^lctc picture, not only bec»se one 
woidd have had to use die Sill nonexistent theory of Fin^erian connections, but also because the ri^t hand side nf Eq 
(8b) would have to be brought from everywhere else m the physics, as with the ri^t haid side of his 1S15 field 
equations (made of base wood). God’s suixlety would have appeared to him to be almost malicious. 


ELECTRODYNAMICS AND FINSLER GEOMETRY: 


The Finslcriao Refibration Of The Bundle Of Frames 


Let M* be Minkow^’s ^lacetime and let S(M*) doiole its bundle of directions (umt vectors). The «t B’(M‘) of propo’ 
I.oremz frames (ortbonotmal bases) at all poit^ of M* can obviously be fibrated ovct M*, bm alai over S(M‘)\ widi 
0(3) as grmip in the fibers. The refibration B’(M*)-i S(M*) constitutes the FiredCT bundle. In sinqile toms, the fianws 
are reorganized over the base space S(M^) as frdlows. Take a section of B’(M*)--> M* as origin of coordinates u' (3- 
velocity) arvi (angular coordinates). Let (r^ u) be any specific point S€S(M*). In the Finsler bundle, the frariKs u, 
^) all lie in the fiber ova seS(M*). Since a body of velocity u at x is at rest with respect to any frame with coordinates 
(x, u, 4). die 4-velocity u of this body has conqwnoits (1,0,0,0) and is therefore ■= to, both u and co being vectws at 
(?^ u)*. Finsierian or non-linear connections are those which live in this bundle. 


Euclidean connections of t’lc Finsierian or non-linear type are the connections that live in B’(M*) -> S(M*). Fw 
con 4 >aTison with later developments, we push forward the scalar-valued 2-fonn for the eiectnxnagnetic field, 
F^v(x)dx'‘Adx'’, from a section of a regular bimdle of frames B’(M*)-»M* to a section of B’(M*) - ■ S(M^). Since scalar¬ 
valued ditferential fexms are insensitive to the afiOnc structure (i.e. to any considerations on tangent vector spaces), their 
push-forward has to be given a meaning, namely the writing of the fonn in terms of the cotangent bases (to*', uio') of the 
base space S(I»f') of the Finsler bundle. We would therefore be writing F as: 


l' = F’^v(x,u)a)W (?) 

with F - F „,^x. u)(o‘‘a(i)'' = F,„.(x)dx‘‘Adx''. A boost of sectmd degree covariaid tensors relates F’^vfx, u) and F^,(x). The 
Finsierian torsion whose sole non-vanishing componato are, he Rflj,v(x), denoted here as lv(x), is written as 

n^^F^^Cx)©^ n'N) (10) 

or, more explicitly. 


Q= fT'e^ = F^x)w’‘Ao'^eo (11) 

Notice that the coefficient in (9) does not coincide with a coefficient in (11). Does the rinslerian version of (8) contain 
(8) itself?. General Finsierian torsions are of th form n-fVei»R^„v(x,u)(«)‘‘Aoi''ev+S*n(x,u)(o“Aoio'ei and not just Q 
R*^^,(x,u) ©*‘Aw''ex. By makit.g the terms wiih S factors be zero in tl e Finsierian version of dfM), le obtains (8a). 



RtagcnasciM'CMaceliow 

In 1989 (published in 1991^, one of us found that the ttvsion 

ff‘ = (qAn)U*F (12) 

<Hi dw Minkowdci tMtric gives rise to connections whose a ttcqMrallels (lines of constvtt direction) bKoroe the 
ecpiadwis of nu^ion of i^tedal relttivity with Loremz face. Here F is F^(x)db(''Adx^ and the U* are the conqxmrals of 
the 4-velocity vector. We did not wuu eq. (12) to give the Due toraon, but just that torsion which a diarge widi ratio 
q/m “sees” and which excludes the torsion diat this charge itsdf cre^rtes. The IT in Eq. (12) is just a syiid>ol which is 
mtfupulated as if it were dte conqMneiDs of some vector fieki. It is kendfied wdh the four velocify of foe datge whose 
motion is being considered only when it propagates through foe connutation to the equations for foe autopar^lds. TIms 
is nonsense. Equation (12) admits, however, a sound interpretation in Finder geometry, where the three-velocity u* (m 
terms of which the iT’s are obtained as m special relativity) we jus: coordinues in S(M*). They become vdodties of 
particles through the natival liftit^ conditiQn dx'-u'dx*=0, vfokh itudces curves in S(M^ correspond to curves on M*. 

In 1994. Rii^omadier pifolisfaed his connectioas, also with torsion (12), foou^ on arbibary metrics*. Using »i»trary 
mdiics rather foat Minkowdcfs is not an essentid foCTerence fix pmseat purposes since metric and cotmer^ion can be 
defiiwd tncfopendoidy of each other. Since be had found this reailt nouid 1985 (bdbre we even rxforessed foe sane 
queawm), we use foe term 'iUt^ennacher ccmnect i on” to refor tc ar cotmecdon with fois trxsioa. Ringeimacher 
diow»l in additkm that foe equation of modon of foe ^ vector can be written as the statement that its arvariarD 
dmvtiive is zuo, if ^>acetime is endowed wifo his connection. 

The f^oper way of w,ay of writmg the torsion (!2) is 

£2= £ye^ = {qym)F^v(x)<afA©''eo (13) 

since foe contradion IPe^ is foe 4-veloctty n, wtmh is Co in foe Fimifs- btndle. The would-scon-discxqraixy between 
(13) and the tcxsion (1 i) of the linearized Caitan-Einstein thecxy, admits the fidlowing interixetatkXL The equdicm of 
moticMi of a chaged paticie P tha cme would cforive fitxn the field equations of foe stqtetsedmg eiectrodynanics wmdd 
lake foe fixm of «foq>aral^ movii^ in an effective torsim wluch is not foe true Kxsion that exists at the position of the 
center of P. mainiy coitoibmed to by P, Ixit rafoer qfoi tina» foe nxsicm foat woidd exist if P were ncx foere but foe 
exterior field raodned the fidd that the odier charges crede when foey ae moving as foey do in the acn^ case. It 
should not be sut]xi5ii% ttet fois fidd coincides wkh the fixm of the linearized Caitan-Einstein field. The sDcmg fidd in 
Cartan-Einstein would corre^xind to hi^ collision en^es, where tiie classicd (Lorentz) description does ikh w(»k. 


Alternative Approaches To The Cartan-EinsteiB System For Telq»niiicUsm 

A sensible path to the (same) field equations for the torsion actually preceded our realization of this Cartai-Eiietein 
ai^roach*. It arises from the asstunpdon that torsion supersedes the BM field in the patticula relation suggested by foe 
Ringermacher ccmnection. Based on it, maiipidations wifo Maxwdl’ > field equaions (dF=0, d*F=j) yield*: 

dQ = 0 (14a) d*n=ju (14b) 

Recognizing the Finslerian character in the u factor, thus the loss c f generality by viitue of ju being jco. ox replaces 
d*n=jH by d*n=J, restoring the generality tha fois teidative mefood misses*. It was recently shown tha d*£>>l still is 
not quite ccxrect, even for linear comections, as we now e]q>lah..' lie Kahler cdculus'* extends Caitan's by addii% a 
concept of iiuerior covariant derivative in a structural way. The exterior and interior covariant derivatives are tlto 
respective exterior and imerior pats of the Clifford product uf'vdt,, where dk is the covariant derivative of this calculus. 
Ktthicr showed that can then be written as d* for the Levi-Civ ta connection. It is clear how to develc^ the Khhler 
calculus for teleparallel connections". The interior covaiiant derivative can no longer be written as d* in this case. 
Therefore, one should view the original Maxwell equations as dF=0 md 6F=*j and their generalization in TP as 

dn=0 (15a) 6n = J (15b) 

The expression for 8n in linea TP is'' system (15a,b) coincides with the system (8a,b), 

Consider finally what mignt be called Einstein’s thesis of “logical lomogcncity of gemnetry and theoretical ffoysics"'* 
(In p. 623 of dds refereiKe we put together this thesis vrith quotatio is from Einstein, who formulated it via the example 
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of Euclidean geometry). The thesis states that ttie field equations of tl« ;^hysics ^lould coincide with the equatkms of 
stnicture of the space. These equations constitute a diffetetttial system and should be acomqianied by die intcgndMiity 
conihtions (Biaruhi id^ities). For teleparallel Euclidean coraiections, and not just teleparallel affine, statii^ that die 
affi^w curvature is zero (second equation (^structure in TP) takes the fonn: 

= {15c) 

whoe ®rip'' is the ctavature of die Levi-Civita connectioii and where Q*/ is a well-deGned differential fonn (details are 
provided latw). The thesis of logical homogeneity demands that eq. (lSc;> rather than its contraction (6) makes part of 
die system of field et^tions. To this we have to add eq. (1 Sa), ance k is the first Bianchi kkntily. The second Biancki 
ideruity becomes 0=0. Since (15a) already ^^ifies the torncm pvtially, the equation of structure need caily provide 

a ctHiqilementary. partial ^lecifkation of the torsioa The Kdhler adculus states diat the q>ecificati«i of the itterior 
covariant derivative S£l omstitutes this ctMnpletnem. We have dais reached the system of equations (IS) in a diird way. 
This system however has two prckilems: die phenomenologicai rigltt hand side of (ISb) mi the lade of a coneqH of 
interKM- coiwiam derivative in Fueler geometry. We diall now show how one might solve the second [uoblem (for TP) 
aid diat, in the pocess, the first pdilem tni^t also be strived. 

A ‘‘Mkrogeon^ry Branch** Of Classical Differential Geometry 

A Clifford ^nicture. which is essoitial for a Kahler calculus, does not exist on S(M^), since it has dimension seven 
wherese die relevant (reduced) tangent places have dimension 4. An alternative structiue defined by the luHizmital 
differential invariants {©‘‘.W) of B’{M*)-^S(M®) exists, however, widi tangent and cotangent ^aces of the same 
dimoision. Since oid’ defines dco, which is du in the Finsler bundle, the set of forms (td'fitfl) in essence defines a 
ctmnection of paL^s, made of velocity and point of attachment. In terms of a fixed fiame a^, we have du = ©o'e, = ©’oX 
arxl dP=©'‘e„=©’*‘an. identified five vectors related to die pair (©”*, ©’o*’), namely the basis a^ dual to the a”* 

and the vector o. Let M' be a metric 1 -dimensional differentiable manifold with coordinate s such that the dual tangent 
vector u is of magnitude 1. In M*©M', consider the form dp = ®”‘a^+ ds u. It takes values in the sum of the associated 
vector places to M® and M'. Notice that ds is a true differential l-forni vdiich becomes equivalent to {(©V - Z(©')^l'^ 
throi^ the natural lifiii^ condition dp(.,.)dp = 0. ITiis ju^ifies usii^ die ^rnibols s and u for the coordinate aixi the 
tai^ent vector. Notice d^t |riiysics does not require that u be a linear ctmibination of the only that du does. Actually 
measured velocities would be integrals of du arid thus are aji^xx^mate sud> linear combinations. 

What is the microgeomMty dim would ctxre^XHid to this struettoe? Riemannian geometry is the theory of differeiuial 
invariants detennined in an invariant way by a Riemannian ds^ (or corre^ionding ©“). It can be a Euclittean differoaial 
geomehy emnprising distance and transport) or just a metric differential geometry (without transport, as Riemannian 
geometry was before dK Levi-Civita connection). Euclidean differential geometry is similarly detennined by (©**, ti^*) 
where ©x* is independent of w". A general Euclidean differential geometry contains as a subgeometry the non-affine 
Rionannian geometry mentioned above (identified with gravitation), since it is invariantly determined by the subset f©**) 
of invariants of the set (©*■, ©i*). TP allows us to also identify a “microgeometry” in the siriiset. Wh> do we use the 
prefix micro? By the absence of the (©/), we are removing the properly macroscopic aspects of the frames. One frame is 
still needed to refer directions to, but we arc no longer comparing frames in the microgeometry. 


If A Microgeometry Exists; What Does It Have To Do With Microphysics? 

The issue now is whether (ci)*',©g’) canonically determines a differential (field) equation (for microphysics). Since 
M*©M' is not a differentiable manifold, a generalized concept of "covariant derivative" is needed. We proceed in 
reverse and get an inkling as to what it mi^t look like. In the Dirac equation with EM coupling, we remove the mass 
term, charge and other real factors, as they should arise in the process of converting a deterministic pure-Celd QM into a 
probabilistic, particle-in-extemal-field QM. The Dirac equation expressed in terms of the Kahler calculus’’ th«i reads 

5y = iAv«|; (16) 

where d is the sum of the interior and interior covariant derivatives in 4 dimension*, A is the potential 1 -form, i is the 
unit imaginary, and y is a scalar-valued inhomogeneous differential form or cliffbrm. Because A is scalar-valued, both 



sides are taken to be scalar-valued. If A is now traced li)' the potertti al for the torsion, dP, the valuethiess of both sittes 
of Eq. (16) is dififoent, uidess y is a CUffcrd-vahied diffonn. 

We now have to take cue of the &dor i. In a Giffiird algdira, we have several drjects which can play the role of die 
unit ima^nuy, one of diem being die unit paeudo-scaiar. There is a mudi better candidate toe. Since ^ math dictates 
a red Dirac equation in S-dimensKHS, a spacetime EHrac etpiadon sudt as (16) must be viewed as the cmnplexi&cation 
of an actual 5-dtniensional EHrac equation. This leads tentatively to a Dirac equation of the fbnn 

W-dsuvto^a^vV (17) 

where die bivectw part of ndsvdP would ^ve rise to the 4-dimensiona) dP (with an analogy, the unit vectws of the 
space algebra are the Pauli matrices <r„ not to be ideMified with the spdial unit vectus of the qpacetime algebra, the yj. 
The Ciififord products are lU meant to be dotiUe Ciififord products, <Nae in eadi of the tangent and cotangent algdxas. 
Because of dw interpretation of Lie opendors as bivectors of aClifibrd algebra, the Dirac equdion of the {diysics woidd 
be sutmg that the didterentitd” of the spnof wodd be the equal to die dian^ of die qpinor by an infinitesimal 

boost or tmislatioa In mddng this statement we are usmg the &ct that the equatkm d|9(.,.)d|9 » 0 allows us to ktentify 
boo^ widi translaticMis, md diat these boosts are die rotdions with generator udsvo^ap. 

In this dwory, the imaginary numbers in QM should be eiqHained as residtu^ from die conqilexified ^lac^ime inirnffe 
of a red five-dimeiBional picture (Kahiza-Klein). U(I) dm emerges as the conveiaon factor between die Kaluza-KIein 
and qiacetime nuaufrihk. Similarly, SU(2) ema^ as die converson fintor bdween the bundte of dkectioro aid the 
Kaiuza-Kkin nuuiifdds. SU(3) does not qipear anyvdiere at this po m. There is tren»idous ridmess, however, in the 
field equations. The (piestion arises as K> whether diere is romn in diis scheme fix' SU(3) as a dynmical symmety. 


GRAVITATION AND TELEPARALLEUSM: 

Universal Form Of Eacrgy-Momeotum Tensors And Pseudo-Tensors. 

Doisities of scalar and vector-valued magnitudes are scalar and vector-valued 3-fonns re^ctively. The cotangent dual 
to a vector-valued 3-fonii is a vector-valued 1 -form, whidi becomes a two-iivlices tensor in the tensor calculus. In terms 
of forms, die left hand side of Ein^ein’s equations (i. e. the Einstein ' cctor-valued 3-form) is fl^es with defined as: 

n* = (c(v^®£l(j,+ (18) 

all four indices ct, |3, y and 5 beit^ dtfferoit. If the ]Mtq>orticxtaiity coostiutt 8 rk/c^ is abstoied in the energy-momoitum 
3-forffi T*, Einacin’s eqinti<»is read: 

n* = ±T* (19) 

(dgn depending <ni conv^tion). Define 91 ={\f2fQt^t^/^.The curomt 3-form on the lefi hand side of Einstein’s’ 1915 
field equations then is: 

n‘ej = dP(A,.)*91 (20) 

where the aar to die left of 91 denotes its dual in the tangent space. T tc first product (a) refers to the exterior produa of 
fonns and thr second product is the interior product of tangent vecters. This construction applies to any antisymmetric 
2-tensor-valued 2-form. The antisymmetry of the 2-tensor is requiied so that the right hand side of expressions that 
parallel the right hand side of (18) will be antisymmetric with reflect to all three indices. 

Energy-Momentuni In TcIcpaniUelisin. 

Substituting Eq. 3 in the expression for the curvature, one gets. 

d(o/ - ^ A oji' = do,.’' - ^A ai’' + dp/ - P ,*A Px’' - V Px*' - P,, ^a ax* (2!) 

We now assume teleparallelism. The afiOne curvature is zero and we nay rewrite the equatiem as 

da,.'' a„^Aax'' = ((P/APx'') + (-dp/] + [a,.^Ap/ + p/Aax*)] (22) 

It is important to notice that the contents of the two square brackets are not tensors, but the contents of the parefflheses 
are. These two tensors are zero in Ricmannian geometry. The identification of the two pseudotensors respectively with 
the nor.-gravitational and gravitational interaction is dictated by what the different terms depend on. 
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For comparison (left to the reader) with the Vilmaz theoiy'\ denote da./- oo^*' anu a^^^aA‘' as 91; U’ iml u'. 

Furftier denote die foims in the square bracked as 1) and -u, and those in the parentheses as x and t. Eqs. (22) that yieid: 

ffl=^U’-o’-U-u= x + t (23a) 

Notice that 9), U’, u’, U, u, x and t are alt antisynunetric in terwe of orthonormal frame fields We designate as 91, U’, 
u’, U, u, X and t the re^>ective contractions with e*‘Ae,. Acting on them with dl^A, .)* on the left yielrb seven vector- 
valued 2-fonns and pseudo-2-forms. In parallel to (23a), their cotangent duals 9?, IT, -u;, 11, -o. x and»satisfy: 

S = fi'*w’ = 0-u« t + l. (Z?b) 

TIk components of H and of u’ constitute Einstein's tensor and pseudo-tensor, except that «’ refers to orthorormal 
frames (this pseudo-tensor is usualty presetued in t»>ns of the coordinate basis fields of the tensor calculus, which, not 
satisfying dg^=0, the antisymntetry properly *s no* ctMrtpUcd with; tme has to move the dg„v around in order 

to achieve the same purposes as for orthonormal frames). From the definitions, it follows that 

U= x,-dP(A,.)‘d(.V«’‘''^e« (24) 

We now name -dp,,'^e*‘Aev as z and the cotangent dual of -dP(A, ./dp^iVAty as z. We thus obtain: 

|J= t + z (25a) « = -* + ! (25b) 

GRAVITATION AND THE DYNAMICAL VACUUM OF TELEPARALLF.LISM: 

Stochastic Electrodynamics And The PntholT Modification Of The Sakliarov Conjecture. 

Saklwrov developed the conjecture that the “Lagrange function of boson fields (gravitational, eiectromagnctic and 
meson) is generated by vacuum polarization effects of feraiions””. In PutliofTs version of this conjecture "gravitation is 
not a fimda’nental interaction al all, but ratner an induced effect brou^t about by charges in the quantum-fluctuation 
energy of the vacuum when matter is jM-esait”'* (our emphasis). In ftte emphasized part of the statement, gravitation has 
parted ways with the electromagnetic and meson interactions. Finally, Puthoff stales that gravitational theory is 
recognized to be essentially phenomenological in nature Here we think that Puthoff goes too far, as we now explain. 

Puthoff formulates his thesis in the context of Stochastic ElectroDynamics (SED). In SED one takes for granted a 
classical EM radiation field with divergent energy density (coVjiV)(ho)/4ii)dci). Whereas a divergent density constitutes 
no problem in QM (everything goes provided we find a rule to subtract infinities), an infinity is a difficulty to be 
removed in classical j^ysics. Is the zero point itself not as phenomenological or more than gravitational theory? 


A Model Of The Vacuum In Non-Linear Electrodynamics 

We shall use the tenn dead vacuum to refer to a region of i^acc where there is no non-gravitationaJ fields, whether 
background field or not. If there wwe regions of dead vacuum in a tclcparallel world, the torsion and not only the 
curvarure would have to be zero. But this is Minkowski spacetime. Hence, bodies immersed in such vacuum would not 
gravitate. TP would not explain that the earth goes around the sun. TP thus complies with the Puthoff version of the 
Sakharov thesis, in that switclung off the non-gravitational fields switches off the gravitational field also 

Fortunately, dead vacuum may be inconsistent with the field equations of TP, as we now explain. In a unified classical 
theory, the equation for the physical microscopic field slioutd tw one and the same at all points of spacetime (including 
within a fermion and within a ^son). Thi.s is consistent with the Dirac equation amounting to a statement as general as 
in our interpretation of (17). The Khhlcr calculus gives the recipe for the Dirac current in terms of ‘P and thus the 
current to feed into the right hand side of Eq. (15b). Of course, for solutions one would have to integrate the full system 
of coupled microscopic and macroscopic equations. The different “options” (matter, radiation, vacuum) would 
correspond to regions where the same solution of this full system exhibits different propeiies' those of fermions, bosons 
or of vacuum. The bosons and the vacuum correspond to regions where the generalized Dirac current be onics zero. 

No study has been perfomied of any solutions of any of our still tentative field equations. Muraskin, however, has 
studied a system of equations that bear resemblance to ours, it transpires that bosons would emcr'^e as soliton solutions 
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in a moaulaied b’ickgroiBid wtoidi one tray refer to as the vacuum” (the pr««U authors reccntiy rqirir’.eo * tiic most 
relevant part of flit studv). hi pr'r ciplc, the torsion shntio r.<rt fee zee ki Ais vucuum anJ gravitatior oould be restoied. 
Of course, this entar>glenH.iu vacuian-bosons propagates into an erJaiglemeht vacuutn-fetm'ons due to (be fac' that tJie 
bostHis Aomelv^ are derqiiy entangled wim fennions in the nstfura) i uerfetation of bosons atui fermions in Ae Kihleii 
calculus. Contrast between fits kietnamisn (iKm-entanglcmect) snd teleparallel (sivunglcnient ) KaWer cakal' is vc>-y 
illutninating”: for weak bostm fields, the wleparaltet reginx look.s Rit manr '.an, and disertcuiglement feiiawr:. 


The Ringerinacber Connection As A Cntteh For The Noniinesr ^ tocbastic Vacuum. 

Vacuum Aus appears as Ae shared extension of all matter everyvAeie, if we war* to piciurc matter as a cau al agent It 
will therefore be, by nato-c, strxAastic, From the macroscopic persptctive (i.c. of At torsion itself. rsAer Aau of thr S' 
from which Ac (r-sion's current is made). Ae weah field apjwaximatico is gi.en by *l.e lAear temts 'Ae non-!i:i;ar 
terms are Ae ca lowever for the exhterce of solaioiis). These liniar temis coastitute the Ringcmnachcr torsion. 1 ids 
torjioR has the nice property that it gives a nor.'Zeio con.»'ibUtion to the ttource oJ Ac metric cun stuie regardless of any 
assumption about cbsencc of rorrclations of the .stocJasiic backgr^tinl. For 'implicily, neglect the coTiirib''tion of ji,.'' tc 
the connection The RingemtaclieT contortion is readily ralcuiated'’: 

Po' = Po' “ -E,o>* -r (l/2» (B/ - BkCj') P.' ^ -p; = (1/2) 0,w® 

It then follows that: 

Pfl'*AP^'- + +(1/4)3, 

P,*‘aP^^ = - (l/2XBi,6iV(c,to'l-Ei{0^ r tB'*/vC3iE.5,t^Bj)] + ■■ I/‘‘t)ij''iRyit’ \lit‘+Bj(t‘'‘Ato' + Bi,C:VA(i>'j 

The presence of Ae term gtiaranlees Ac cxistesKe of a .lon .tero term utxlcr a:y assumption aboot conelation 
properties of a background stochastic field. It ensures Aat Ae stnmg EM field at close proximi'y tc m.Mlcr v-buch 
bectxne'i weaker and weaker as one recodes from k. will also contrib'Ue wiA at least orje surviving lenji or> the rigiu 
hand ade of Ae curvature equations. Notice Aat one Ls not claknit^ Aat tlie -‘/eak tield is Ac source of Ae curvature of 
spacetAic; if is used here only as evidence. The soia'ce of dm rurval ure of spacetime, tc the extent Aat .suck picrurei ki 
tenns of sources ere valid A dealing with Aese sophislicateo jysiens of differential equations, wil! be “kv.^icd’ wheic 
Ae vacuian strongly couples wiA (Ae no: so neutral) matter. The infomiation, how^’ver, appears to propagate in Ae 
modulated background field, if we may draw in^Ucations from Miat skin's solulion. 


A Remark On The Zero Point Field Of Stucbastic Electrodynamics. 

Let'S; return to ‘lED. It is not sensible to think that there is more thaii one classical background radiation ki Ae universe 
namely Ac cosmic background and Ae zero-point fields (the latter bemg out of Ae question because of its divergence). 
SAce the tor’>o.i equations are non-linear, it is possible m principle t ) have a ''acuinn whose tail is titc 2.7° radiation and 
wiA a head at each piece of matter, which it hugs as if were a zero-pomt field. The non-lmearty of tlie fields has to be 
presumed to be associat-d with Ae hardne.<js of nuclear matter, harlness which is in turn connected with Ae effective 
wavelengths for Ae cut-off of Ae gimmick Itnown as Ae zero-pomt field. 


CONCLUSION: 

The postulate of Finslcrian TP has been shewn to yield a very soph sticated geometry which mcrcasingly looks like Ac 
physrs. It shouid take the effort of many a physicist to make it useable (just tltink of the development of QM, or even 
start):.g around 1960). Could we safely leave this theory undcvelopei? 

Smee Acre are t'o physical magnitudes m this theory and since the field equations mimic the closed system of Maxwell- 
Einstein-Dirac, all Ac physical magnitudes can m principle be pullet from this theory. This should happen m tlie process 
of transfoiming tWs deterministic quantum Aeoiy tfiat refers to a lon-dualislic (pure fieid, no particles) world mto a 
practical, dualistic quannin. Aeory where one- separates cliunps of ield and identifies them as matter (This process has 
all Ae limitations that Ae nature of Ae field equations and Ac absence of precise boundary conditions in such ciumpmg 
impose) All this in addition to the characteristics of this Acoiy whi A wm-e emphasized in the abstract and mlrodiiction. 
Wha. else .:o ild we want? If not this, what? 
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It order to demoietrate that it is possible for the speed ^ light to be exceeded, the first and only tachyon model 
to agree with experiment is outlined here This produces extensive agreement with experimmit for the 
electron, the proton, the neutron, the lighter miclei, and the mesons The data that is used to verify this model 
is well known from the standard physics literature No source that is controversial, w posably bo^, is used 
This model is, m dKMt, a rciiderpretation of existing paiticie data that is accqMed by and used by the physics 
conimumty A possMe method of artificially generating taciwons is also proposed 

1. TheOrigte of the Mapwtic MomMs nf the Eicetnm awl the Mnm 

This model uses a negmive mass tachytm as opposed to the well known imaginary mms *acli^ Tlte 
imaginaiy mass model has nevo’ produced agreement with eiqieriment Note that > negat.ve mass particle is 
an antigravity particle 

This model is extremely suqile. it is a unified Bohr-like revolviiig partide modd that utilizes the negative 
mass tachyons to generate magnetic moments. The tachyons, being unaUe do (bop below the speed light, 
cause the point charge in elearons, muons, protons, etc. to revolve in relatively lai^: oibits, thus generating 
magnetic moments 

To summarize the electron model, a pion captures a negative mass tachyon and becomes, overall, a less 
massive muon The muon captures s^ another negative mass tachyon, and becomes an even lighter electron. 
The orbital velocities of the revolving charged particles are constant at the speed of light, with only the orbital 
dimensions and the overall energy of the system changing during the transiuon from one particle system to 
another. Based on this, an election and a muon are fundamentally revolving systems of pions. And based on 
the meson equation's origin in resonating pions (see Eq. 27). when high energy electron-position collisions 
produce the meson energies, we can conclude that they are due to resonating pions 

Further, based on this model, it is mandatory that the byproducts of high energy electron-positron collisions 
include muons and pions This is observed to be the case expenmentally 

Neutrinos have been drtected. so therefore, they exist However, estimates of the of the electron’s neutnno 
masses via Kurie measuremenu give upper limits of about 10 - 20 e'V, so it does seem rather strange that it 
could be believed that the shape of the p -> e curve (up to 52 6 MeV) can really be di^ennined by such small, 
non-photonic particles In any case, there is more than enough residual energy in this model to account for 
these artifacts 



2. A DerivatMNi of the B«lir Mogaetoa for tkc Eicctm aod Ote Muoa 

We will now preseitt a sketch d* the derivation of the magnetic moment of revt^ving charged point particles, 
namely the Bohr magneton Many necessary justiiicatioiis will no be gjvmt here, but more detail is a\atlablc 
to the interested reader in The Phyrics of Tachyou and in the pa lers referenced below 


The masses of the muon's and electron’s tacfayons are 

Mt, = M, - M, = -33.9091 MeV (1) 

= =-105.l4738SMeV (2) 

Next, we will need to utilize half of these masses as binding «ier|pes I.e.. we have 

ET,= -16 9546MeV (3) 

Et, = -52 573694 MeV (4) 

The sum <d' these oiergies is 

E^ + Er,= -69 5283 MeV (5) 


Next, examine Fig. 1 It is a composite of two particle convmswi curves The ti-> e curve on the left is well 
known and is confined tn most panicle idiysics books The right most curve, the direct n -> e cmiversion 
curve, is less well known, the ditea converaon of a pton iido an electron is teltiivdy rare, albout one in 10* 
pi<m conversions 

The inteipreution used here B different for the V-Atiwory The tlie reaction dming the capture (rfatacio^ 
by a muon has a residual caugy whose distrfoimon is described by the m-> e curve. However, if the reaetkm 
energy is greater than that of the binding oiergy of the electron 's lach^ to the charged paitkde, there will 
be no culture and hence, no elections will be produced The poini at which this happens, 52.6 MeV. is the 
cutoff energy of the p->ecurvc This oon^iares nicely with diet nergy of Eq 4 

The n -> p capture, on the other hand, produces monoenergetic maons at an energy 4.119 MeV, so that there 
IS no cut(^energy Therefore, another approach must be taken Si' compare Eq. 5 with the 69 5 MeV cutoff 
energy d'UM a -> e curve The double tachyon capture implies tliat the total binding oiergy of the muon and 
electron's tacfayons is half of sum of their masses, and hence, the binding energy of the muon’s tachyon is also 
half its mass energy Note, incidentally, that the difference in he two cutoff energies is 16.9 MeV. which 
IS half the muon’s tachyon’s mass energy as given in Eq 3 

Becmise oi its negative mass, a revotving tachyon will have an im wdly directed force, not an outwardly 
directed force, which will balance the outwanfly directed force of be oibiting charged particle, thus 
maintaining the particle systems in tightly bound otbits The balince conditions of a negative and positive 
mass particle are illustrated by a mechanical analog in Fig 2 

Based on the above, in general, the magnitude of the binding energy of the tachyon, which is the same as the 
ground state energy, is given by half the tachyon mass, or 



ISO 


(6) 



Considering the above, the de Broglie wavelength for the tachyon. in very simplistic terms, is given 


A, -■ 

P 


(7) 


where h is Planck's constant. M. is the mass the tachyon in grams, and is the energy of the tachyon 
Using Eq 6 for the energs- m Eq 7. wc have 


^ 2MtM^cV2 


h 

M.c 


( 8 ) 


If we assume a single de Broglie wavelength, A. for the circumference of the taefaytm's oibit around the 
charged particle, we may thvide equation 8 bt' 2n This gives us the tach>'on's orbital radius, r;^^, as it orbits 
the charged particle in the chafed particle's frame of reference That is. 


M^c 


(9) 


Here, the siAiscript AT refers to the de Broglie wavelength, and >> = h/2n This bizarre shape is shown in Fig 
3 Note that better discussums arc provided in the book. The Phyrics of Tachyons, listed in the references. 

The balance conditions for a negative mass particle that is coupled to a positive mass is illustrated in Fig 2 
For the electron, wc define 


—206 76826 

ra. 


( 10 ) 


For the muon. 


R„ - = 1 320932 

•' M 


(11) 


1 he equation describing the balance of this system for the electron model is 

M,r,, + ISir/T. = 0. 


( 12 ) 


^ ^Tt) 0, 
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where we used the fact that Tj, = r„ + Using Eq 2 (for MyJ i i Eq 12, we have that 
+ (m, - M^Kfcc + = 0. 

+ in/« + m/iT. * H.to. - = 0 

The terms cancel, so that Eq 13 becomes, after a little rearrsngement, 

r^ =(M,-in,)r„. 

Dividing both sides of U by in«. and then using Eq.lO. we obtain 

r„ = (R, - 1 )rx. 

Also, rewrite Eq 2 using Eq 10 to obtain 

Mr^ = in,-M^ = (l -lym. 

Using Eq. 9 for Eq IS becomes 

Using as defined by Eq 16, we eliminate (R, -1) and Mt< fronr Eq. 17 so that 


for the electron 


r„ - ±— = 386.159:3 &n 
m,c 


Using an identical afiproacb for the muon model, the orbital radiui of the muon's pion is 

r ±-i— 1 8675947 fm 

M^c 


( 13 ) 


(14) 


(15) 


(16) 


(17) 


(18) 


(19) 


The magnetic moment of a current loop is, in general, 

H = IA, (20) 

where I is the current in the loop, and A is its area (Note that the letter p is not to be confused with the 
subscript p representing the muon ) 

Current is. in general, given by the number of charges passing a piint. i e 


1 -f. 


( 21 ) 



where f is the frequencv' of the particle's rotation, and for a light speed particle is given by 


f 


2 n r/ 


(22) 


where c is the velocity of the charged particle and r, is its oiiMtal radius. Hence, the magnetic moment of a 
stngk. revolving charged particle is obtained from Eqs. 20, 21. and 22. as 


4 


(23) 


wherexr,,^ is used for the area. A. of the current loop of Eq. 20. Eq. 23 then becomes 



(24) 


Using equation 18 in Eq 24. the magneUc moment of the electron is 




er 

2mjC 


(25) 


Using Eq 20 in Eq.24. the magneuc moment for the muon is 




(26) 


These are the Bohr magnetons for the electron and muon reflectively. These values for the magneuc 
moments agree with experiment to within 0 17 % for the electron and 0.12 % for the muon No particular 
significance is attached to the plus and minus versions of the magnetic moments at this time 

i. The Proton, Neutron, Mesons, and the Denteron Model 

Using the above conftguraUon and the magnetic moment of the proton to calculate its dimensions, the 
dimensions of its outer diameter (the tachyon's orbit) and the smaller dimensions of the charged parucles orbit 
are calculated The radius of the £ hyperon's revolving charge is 0.58736077 fin. and the oibttal radius of the 
tachyon is 2 782 fin Both agree with experiment to within 3 %. 

Adding a similarly oibiUng, but smaller negatively charged pion to the center of the proton produces a 
neutron That is to say, it is a coaxial model with the orbits sharing the same plane Using the magnetic 
moment of the neutron to calculate the pion's dimensions, the otbital radius of the revolving pion's charged 
particle, while it is m the neutron, is 0.18503077 fin. Its energy levels are found to be 

E„ = 4076/n^ 


(27) 



with v-alues of the index, n, raagiag fhMn ! through 9 This will pxnide the enorgy levels of most of the 
mesons from the psi mesons on down, and will be referred as the meson equation from here on. These levels 
and their transitions are shown graphically in Fig 5 The mesons tliat arise from the transitions are shown in 
Fig 6 - Fig 8 

Note, however, that there is a groiqiof mesons with masses above 2100 MeV that are not included in this 
model These probably arise from the upsilon resonances, but this las not been explored at this time. 

Now comider the attraction oS neutrons and protons to form a deotivon If a proton approaches a neutron, its 
sigma hyperon will attract the neutron's pion, thus axially deforming the neutron and causing it to behave as a 
defornuMe dipole While the sigma hyperons electrostaticalty rqxl one other, they are both attracted to the 
pion, thus causing this model to be somewhat similar to the Yukaua model. This produces a highly nonlinear 
attractive force, so that an eiqxrimental evaluatimi of the force would cause it to appear to have no relationsbip 
to simple electrostati c fwces Fig. 9 illustrates the geometry of the deuteron Using the dimension shown 
here, the sum erf’ the calculated dectrostatic and magneto static binding energies is 2.381 MeV, as compared 
with the measured deuteron's binding energy of 2 2246 MeV. a 7.0 % difference 

4, The Electros as a Bonsd Photos. 

If we sidistitute Eq 18 into Eq. 22, we find that the rotational fteqiwncy of the electron or muon is given by 


If we treat the revolving charged particle as a photon and use the Einstein isoelectric equation with Eq. 28, 
we find that its energy is 


E = nic'. (29) 


In this, we find that the electron (£ other qxnning paitictes) may be viewed as photons that are trapped in 
quantized oibits. As was ptevioasly noted, this is probably source ci the quantizapwi of Eq 8, this 
quantization being mapped onto the tachyon. Note that Eq. 28 is ialf the Dirac Zitterbewegung frequency 

5. Nos Radiatios and Elcctrodysaaksof a Revolvbig light Speed Charged Particle 

Normally, one would eiqiect that a revolving charged particle wm Id radiate its energy away. However, as a 
particle with a linear velocity approaches the speed of li^t, the eixtric fields lines begin to converge to a 
iriane that is perpendicular to the direction of motion This is als(< true of a revolving pamcle. so that there is 
no electric field parallel to the direction of motion, a condition noxssary for radiation. See Fig. 4 

Note that a nearb>- observer would detect an electric field pulse as the charged particle passes on the near side 
of the orbit, and a pulse as it passes on the far side, i.e., he would experience pulses at twice the frequency of 
Eq. 28. albeit with alternating stronger and wesdeer pulses Ovei?U he would experience pulses at the Dirac 
Zitterbewegung frequency. Just how this propagates out into an itom and relates to the Dirac model is not 
clear at this time, but it is not unlihely that (his has an effect on a omic phenomena. 

Note also that Gauss' law still bolds for an imaginary ^ihere surrmnding the election, but it is a dynamic 
phenomena, not a static phenomena Furthermore, the field would sweep over a neaiby, finite sized object at 
hyperiuininal velocities 



6. A Propowd Experimeat to Gemente Tacbyoas. 


If a high energy charged particle is injected into a high intensity magnetic field, it will be forced into a highly 
curved trajectory In a region near the orbit but outside of it. the velocity of the extended orbit will will have a 
velocity greater than the ^xed of light. In this region, time will be reversed, so that the radiation emitted here 
will have a negative value 

Two detection methods are [noposed The first is to carefully measure the shape of the electrons trajectory and 
determine if a balance between the negative radiation and the cyclotron radiation affects its shape 

The second detection method is to determine if the tachyons, after being allowed to impinge on a source of 
decaying muons, will deaease the decay rate of the muons 
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Fig 1 The cutoff eneigies of theses curves detenmne 
thtf the radii of the levolviiig charged particles of the 
muon and electron ate their Compton radii. 32.6 MeV 
IS half the mass of the election's tacliyon and 16 9 McV 
is half the mass of the muon's tacliyon. 



Fi^r nwBakMcMMlcIferdwEleetra*. The 

negative mass of the tach) on is shown as a helium 
balloon, the positive mass muon as a nmplc weight 
Note tliat the pivot is cxtcnnal to the line connecting the 
tadiyoQ and the muon, and is the center of mass of the 
systetr 





I CM ; 

Fig 3. The Biizaic Electron de Broglie Wave- I 
kngtti Relatioiisliips. Thu shape u one way of 
viewing a revolving electron. Here, the tachyon | 
forms a single de BrogUe wavelength around the 
charged particle which, in turn, revolves around 
the center of mass, CM. In fact, however, both 
particles revolve around CM, with some 207 
de Broglie wavelengths frommg the tachyon's 
orbit 
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Fig. 5. The Grsdpbieal RepretenUtion of the Excited 
States of the Pioo. Note lU suttiianly U> the Bohr 
hydrogen oUim's energies The ftrsl order transitions ore 
the "chaimesd" psi mesons, and (he 2nd order transitions 
are the lighter mesons 
• These are K, pion - proton resonances 
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ABSTRACT: 

This paper ch^lengcs the cunenth believed limitation of panicle and inicnnalion speeds to the speed of light c. It 
does so by exploring a new model for light that imolvcs a two>stcp propagation process a period cf 
expaisioji/cxteiision from a source, followed by a poiod of contiaciion/collapst to an Absorber. Such a model turns 
out to be extraordinarily rich with implications it reproduces the predicuons that are the main observational 
coidumations for CRT. it captures the main kiitemalic feauiies of SRT. and it exposes whrd may have been a 
conceptual miss-step in the original (fcvelopment of SRT that led to the now dysfunctional belief that c is a real, 
physical limit 

1. WHY START OVER? 

Space travel to distant star systems seems now to be impractical bccarse of the huge distances mvoivtd One of the 
several problems involved is that twge distance implies huge time unless wc can meet or exceed tlie i^iparoniJy 
fimd^iKntai limitation to the speed of tight c impli^ by iiinstcin's special relativity theory (SRT) Before NASA 
can hope to meet or surpass c, it must undertake to rc-examme the origin and meaning of the speed limit 

'^o this end. observe that there is a cnn'ial diffeience between classical Galilean speed, which is unlimited, and 
Einsteiiuan speed, which is limited to c But at Eq (I) in 1905. Einstein could not yet foresee the outcome, and so 
did not make such a distiiKtion He began his development of SRT from the Galilean transformation ecpiation 
X X - ir, with V being coordinate-frame velocity At that point, he interpreted i' to be Galilean velocity But 
then V later turned out to be limited to c That means that Bom the very outset Einstein introduced a confusion 
between classical Galilean speed, which is unlimited, and Einstciman spe^, which is limited to c 

in letruspect. it is clear that the Einsteinian development does not make sense After all. a coordinate frame is 
nothing but a memal con.struct Why should it be speed-luruted like a massive particle is m SRT'' At the very 
least, the limitation v < c exclud^ all rotatiott because for large enough r, one has classical Galilean speed 
V - ro) > c But rotation ls essential for meaningful physics Furthermore, rotation is inevitable in SRT because 
the compilation of non-collincar Loientz transformations leads to Thomas rotfUion So limiting coordinate frames in 
SRT to non-rotational motion and speed v < c Ls fatally self-contradictory 

But protcsi.s about such cssues have so far rarely been taken seriously At the present juncture, we have a very odd 
situation in Scicikc The two main pillars of twentieth century arc relativity theory and quantum mechanics Both 
are tliought to be essentially correct in numerical predictions of observable phenomena But only in the case d 
quantum mechanics have p^lcl discussions about the philosophical underpinninp and intcipretations of foimulae 
been more or less acceptable In the case of relativity' tlieory, the scientiPc community has been reluctant to do other 
than accept the whole package, equations and worils. without senous critique 

So we need to stan on SR I. in part for practical reasons how else will NASA ever get to the stars’’ But even 
more importantly wc need to apply a more consistent attmidc about what it is to do science We need to rcsunecl 
(he most basic cnlcnon no matter how much data is m place, a scientific theory is ncvei ‘'confirmed ” Experiment 
can only d/.v-confirm. Science remains alway s open for new c.xpcnmcnts and/or unproved theoretical construction^ 



2. WHY START FROM A TWO-STEP PROPAGATION MC DEL? 


Delving a bit further, note that SRT fundameiUally derives from asst mpUons aboid the speed of light, about it being 
mdependem cf source motion, and it being ftame-invaiiant But the veiy phrase “the speed oi light” assumes 
alre^ a grem ckal more than can actually be confirmed. “The” implies just one, with no direction dqjcndcnce. no 
source dependence, etc But those should be propeities to detemine, not pn^ities presumed by the lan^ge 
“The Speed" implies some identifiable thing that, any ddinite time, has a deftnite position, and it moves 
continuously. But we cannot actually track light. “The Speed of Light" implies some non-self-icfeieiaial way to 
measure light speed But in fact we do not have such a method All of these unfoitunate hidden assumptions am 
good candidates for revision Here goes: 

The current concept of “wave/particle duality” is applied to tight liocausc neither of those models proves entirely 
satisfactory by itself Light pn^ngation exhibits mleiferencr efibeb, which suggest continuous, oscillating waves, 
but emission and absorption appear to be discrete and quaiUized. ind that suggests individual, locali/cd photon 
bullets So is propagating light an infinitely extending wave‘s Or a collection of compact particles'' The 
comcniional twentieth-centuiy response has been “both" a wave - expanding sphcncal. plane, or comerguig 
spherical, as needed - or a photon bullet, as needed 

But some quantum effects display non-locality, and that seems to disqualify both the waves and the plHrtons. on 
sKXouiU of apparently mfinite propagabon speed So peihaps our pioblem has been in looking to much uackwaid. 
and saying “both", when we should have b«n lookii^ forward and laying “neither'' 

This paper explores a departure from the existing models for light: it looks at light not as a “thing” (e g a wave or 
a photon), but rather as a "process” (i.e the transfer of energy fromcne mass-beanng particle to another) 

The model prcscrAies two steps for tins propagation process a peri-ni of expansion^extension from a source, followed 
by a period of coittraclion/coUapse to an abaiiber If there is no rel Hive nrotion between source and absoiber, then 
each step takes half the total tiine involved. The process progresses as if two signals traveled in sequence, each o;:; 
at speed 2c From this point all else follows 

The proposed motkl is essenually Galilean in n^uic. but it turns lut to be extraordinarily nch wub implications 
that are relativistic in nature But the Galilean model is not within the scope of MaxwelTs equations. ai'.d so docs 
not mandate Einstein's historical path of devek^mcm. going from daxwell’s crpiabons to special reiati.it> theory 
to general relativity (GRT) 

Wc can st^ instead with GRT. The main observational con'um.ci'MB of GRT (gravitational red shift. ligU-ray 
deflection', devimion from Kepteiian planetary orbi(\ and radar-r.mgu^ signal delay^ are explained sinqily and 
exactly with a two-step light-propagation model The iitfeiprctatior of the results is. however, compl^elv' diflfetent 
Where GRT regards these effects as manifestations of someUnng tea and physical h^ipening to the aibjccts {e g a 
clock slowit^. a perihelion advancing), the present theory regards hem as essentially opucai illusions, created by 
two-step light propaption to an observer who expects oidy one-stej • light propaption 

Then, by eliminating the gravitational effects of mass, wc have oni’ the kinematics usually described by SRT The 
mam features (light-spccd invariance', time dilation*, length contiacbon\ paiticle-spced limitation'' and its attendant 
apparent masr increase) follow from a two-step ligiti-propagation model * The match to SRT is however not exact 
A liny discrepancy allows preliminary experimental tests to sec if t us theory works better than SRT 


3 MATCHING THE OBSERVABLES OF GRT: 

The main observational results that are said to validate Emstem s (ikf are: 

1) The grav iiauonal red shift of light emitted by a source in fr^ fi J1 in a strong gravitational field 

2) The dcflccuon of light emitted by a distant star into a path ihal grazes a nearer star, such as the Sun 

^ I Ihc apparent secular advance of the pcnhclion of the eliipucal orbit of a planet like Mercury. close in to its Sun 
4) The slowing of a radar rangmg signal sent on a grazing path p; st the Sun to Mercury on the far side of its oibit 



All of these effects can be predicted equally well with the two-step propagation model for light signals Two-st^ 
propagatxin means light is alway s attached to an anchor particle th:M experiences gravitational acceleration The 
implications in each case arc detailed below 

3.1. On the GravHatwnal Red Shift: 

Imagine a star of mass A/, rad ius /f. at z-0. observed from earth "lielow" at z —» —«>. Light travels ftom the 
star suftace at Zo = - to the observer During propagation over an incremental propagation path -dz. the 

arxrhor particles accelerate "up” by 




0\ cr the whole path, the anchor particles have accelerated by 


- 


Jdv 


-(GM/c)GM\ 



GM !<!>{ 
Rr r 


This causes a Doppler-like red shift 


v= V3(l-Av/r)=-v,il-|4>j/r- ) 


wfuch IS in fact observed 

GP"^ also predicts not just this red shift at the observer, but also an actual clock slowing at the source The 
Galilean th^ry definitely says the red shift is real, but suggests that the clock slowing may be an illusion The 
mechanism creating the illusion is the acceleration of anchor particles in the propagation path by which the image <f 
a clock reaches a distant observer If a falling clock could be (^served, it would appev to run slow by the same 
factor I; |<I>|/r ) 

So there exists a point of contention by which observation could eventually discriminate between GRT and the 
presently proposed theory The question is do clocks really ran slow just by virtue of their position in a 
gravitational field'* Possibly the GPS system could resolve this To keep sy nchronization with an observer on 
Earth. satcUite-mounted clocks do seem to require a rate adjustmeitt But the amount of adjustment required cannot 
be accounted for neatly from just the gravitational slow ing predicted by GRT There is an additional adjustment 
required While similar to the clock effects predicted by SRT. the non-gravitational residual here is not identical to 
thatSo at present, the situation is unclear 

in any event, the slow ing of a clock image is a special case of the slowing of light, which leads to deflection and 
distortion of images generally, discussed next 


3.2 On the Gnvitatioaal DeflcclioD of Star lagbt: 

Let a source star be above at ; . a deflectir^ star of mass A/ be at r ^ 0. and an observer be at z 

Consider a ray passing ti." deflecting star at slightly positive x Dunng propagation o v er an incremental propagation 
path - d:. the anchor paiticits accelerate sideways by 



r c 

Over ibe ««ole paO, the aachor partkte bine axeki^ 


a,,U=-J< 9!K^ ..JSS.-a*! 

i. l_ “ ' 

shown by Fig. 1. the angukn deflection is 


c xc* c* 

This lesidt is twice what one might ^ve guessed semi-ciassia dl y by saying that light has OKtgy whidi is 
eqnivalenl to mass and sid^ to gisvMatiOBtf attiataioo. G^u^thc 2 right wassccoasam^rtfiiingihforCaiT 
the 2 right should be seen as a in^r triimpb fane too. 





Figure I. DcfIrctioB of Figure 2. DiilaitiMaf 

Star ligM- naact Image 


3.3. OB*cGrBvilaliowdlHmortiMi«flmi«et: 

Hunk about the image of a planet oibiting a centiai mass as viewed I rom afar. i.e. tfaiak about Meicmy oibiting 
Sun as viewed fiom Eaith. Figne 2 diou^ that iigM Irmi he extreme oibit exemsioBS is deflected 
e/2 = 2l^l/r^ So an estimme of the oibit nufaus r based on Ih: image is laige by a factor of |l-f 2101/c 
Kepler’s Law says the oririi period T sarisfies « r^, so an estimme of f is targe by a fKlor 
(l'f2IOi/c^| -t-3l<M/r^|. As a result the observed per od is then less than the expected period by 
incremem propoitiofial to the nominal period and 3 1 4> I /r^. 

If one did not know about the image distortion and resuhii^ ^tirtation enor, one would ocmcfaide that the o 
perihelionsfaouldadvmice at non-dimensioDalized rate 3101/c^. rhis iidnied pnihelkm advance is the same 
that {Hedicted by CRT. But the prnenl theory ikies not mandate thd the perihelion advance be real, whereas G 
does So again there is a poiirt of contention that couM diriinguish the two theories. 

There exist centuries of observatkinal dsMa on planet Nkteury, and ii deTinitely shows perihdion advance. A lot cf 
this perihelion advance is attrOuiable to Newtonian peituibation from the otlim planets. But it is geneiafly cltamed 


:<f>2 


"as I 8^ 



tint a anaUre^hie is aot Newtonian, and tlttl it m^hestbcprediclion of CRT. However, the atnatxm is as yet 
somewhat onsets becanse l)aReisi) 0 (Mieseanitessc^cafatt)onthMcovmbodttheNewti»aaBad the ksiAi^ 
parts of the peittdion advance tog^m." and 2) them is a onnority opinion thrt the Newtonian part, if caidiiRy 
ONMi^ calcalated, woi^ actnalfy aocoMt for the whcde of the obsetved advance.'^ 

Whether it is oibit-period estimation error caused by im^ distortion or real perihelionadvance pndkted 1^ CRT, 
Einsmin’s fonnrthfortt, 3I4 I/c^(1-e^). inctedcsoibit eoceathdty c The Galikan theory has not yet been 
devehHted to the point of including the dfect of £■ ForMetcuy, the c is very near tero and |d^ little rok m de 
believed coafkmation of GRT. Gettiag the 3i<hi part right was considefed a big tiramph kr C9tT. and it 
shordd be conskkeed so hem too. 


3.4. On the GravRationalSInwi^nf Radar RangiafSignahi: 

Consider the migidar detection of tight per imk path kngth 

de |2dv| |2 I (2GMtc^)x 

This deflection is condrtem with a ‘‘rtowii^’* per mat path kngth 

djcAl) {de ^ (iGMIc^) 2 d» 
dz I rfe + 

Thm incremein^ dowii^ ingdies krtid a slowi^ over a ptrtfa 



Ratkr signsds sent to Mercury or Vemis as they pass near the sun appear to letun to Earth late by such an amount 
This is known as "the fourth tea of GRT’ But if the observed radar dei^r v^idates GRT, then it valkiaies 
Galilean theory just as well. 


4. MATCHING FEATURES OP SRT: 

Image fust a rest scenario, with no relative motion between source aod absraber. Assume drat the two pn^raga^ 
steps, expansion from the source and coU^rsc to the ahsoibcr. consume equal time. They must then proceed as if at 
2c. In an at-rest scenario with a propagation path kngth f. each of the two piopag^n steps is accomplished 
in time Ltlc. 

step 1: expansion from source to absorber, 0 to r, = IJlc 

step 2; collapse from source to absorber, t, to t^^lLllc^ Lie 

Now imagine inserting a moving lel^ particle between the source and absorber Now there can be a conqwund 
setmario: 

step I ’: expansion from soiucc to absorber, 0 to i, ’ 
stq> I”: expansion from source to absorber, <)’ to 


.^6.1 



stq> 2'; coUapfie fiom somt to absoiber, i|” to 
siep2";colla|iseffOffisoiiioeloabsoiber. ti' «> ij” 

wide die vaiioas dmes depead ypon aot jost L, but the mtid pc sitioo and tie vdoedy of tie idiy paitide. 
Hiotoie aee ladwtinguirfuble. so dese two socaanos sboold be adistiapiidUble. That nqaiies the 2c fc be 
iBtlepeodeatofsoMiceotdbeoderaBtioa ThtsiaeaBScaiyiaopagaiiMsitnlioainaitycooiiliaaiefiaaeaaisafe^ 
be aiodeled as two rteps p ro giess i t ^ at 2c each. 


Now imaguK a fnoviBgsoaRxcoaanuaicahag to a fixed observer. Stydesomce starts at Xq and goes away aloag 
thex axis at Galilean speed F After step I, it isat X| - Xq + Vxq /2c. After stq> 2, it is at 


X2=X,+ 


2c 



■*0 


IfacHe-stepmodel Xj =Xo-»-V'xo/c' isf(m«>litled to this sduation. t iei|Hires c' = cAl-*-V/4c). So atthough de 
two-step 2c Biadepradeated sooioenotioB, the onedepc 'is not. This fiet nukes the CMleaa thecMy dacRBi 
from SRT. 


BeiagdifiinaaB,however.iiotiecessaidytie Stone as being wittog Of all pcHratially oorfnnaioiy expefmna^ 
technkpes, kne r fet om etiy seems to be the most deUcaie, and the i^nac intoifenmed’ appeals to be tie most 
tiouUesoae to SRT.* The Grtiiean moctel was deiived originafiy in the context of the Sa^nac ntotferoraeier |9. 

I|, and to d course it fts dat aqeiimeid ecaedy. 

The two-step piopagadon raodd is newer |9, Put ID}, and ccntribides nme in the way of expiration. U 
shows why SRT has proMems such as St^nac and others. Einstein i^inftdy many ^nchronned dodcs 

with nrfbiteiy nuny otserveis dqdoyed thto n ^to n t an ia&addy exltoeive coonhiate iitonc. But leddy nstodfy 
provides only one dodc and <Meol»etver,bott located at a coofidhntoeofighL Tiinecoonhiiatescd'eveiMs ebewteie 
arc inieiTed by assuming that te image of deevtod occunence piqiigated at qeed c to the observer. Butifihe 
“evoit" is the p^sa^ of a moving soukx tkough a given ^pat^ pMia, then correct inideaoe of tiroc reqaires c 
not c. So nfened tinK coonhnates can be wtoi^. Below it is diowii thto this fiet can acconat for the weil-kDOwn 
paradojtes in SRT 


4.1. Example: The Twins Paradnx: 

SRT says a movii^ clock looks slow to an diserver at rest But is s jch a clock reedly lummig slow? if so, then 
of two clocks with relative motion between then, which one is reall > moving? This eprestion lies at the betot <f 
the so-called Twins Paradox One twin remains on Earth while die ether makes a jowney to outer space mid hade. 
Wc believe the differendy travding twins age diffeiendy; wc behevi: the traveler will be younger upon his return. 
We bdieve such diffe^lni ^ng is actually u w fii nied by expennentai observations such as meson Itfedraes or 
atomic clock readings - oot generally seekiag abemative inteqnetaticns. More on this below. 

• Remhrtmn for the Twin: 

A clock passing through x at f is Rxoided at <« - T+xld and nferied to occur at / = 4 - x/c-=T + VxIAc^. 
With X = VT, we have TlAc^). So T progresses slowt r than r, but only because inferred time t is 
simply wrong. 


4.2 Example; Tkt Ehrenfest Paradox: 

SRT says a moving rod contracts. But Ls such length codraction n;ai? The perimeter d a rottoii^ did: is like a 
sequence of rods So does the rotating disk shatter at the rim? For this at le^ there is no believed experimetital 
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Sea^tioii fkr Ehraafctt: 


A lod hs5 two cods, Xi. 1 = 1,2. Fiom ij = ofened i/x kas to ne«iiBieqoal tnie 7)';. tfwe 

pair ^ cads for oaequal 1^s,vitget» wioeg kngtk L Indeed ifx, = VT toA X 2 = VT + L, Ibeo equal t- s 
Biem T 2 =75 -VL‘/4f^, and V~L-\f^LlAp so L = LK\->fV^tAc^). A moving rod locdcs short. (Nrt only 

beomse htfemd times are wraag. 


4J Fiamplr- Speed 

The Galilean speed V is ddtned as Ax/AT. and withom infinitely mn^ docks, AF is not direedy obscivable in 
sbrnght-lioe motkm. Tire next best dii^ is speed oqnessed in terns of cooedinale Ome. v = Ax/Al. The two 
speeds ate rebtedthrou^ v-VHX + V^ lAc^). V is mdimited, foil v has a maximun value d* c 

It B widely believed that partide speeds redly are ttmiied to less than c. For example, we b^eve that aresras 
CBCulatineinapartideacceieralorareciredalii^atlesstfawc. When they seem not to decay as bmkA as expected, 
we take Am as evidence thm die lifetime is alfocted by motion, or acceleiation. or sometlnng Exadly whm and why 
is not clear. 


• Resdation far the Faitkle Accelerator: 

Although stnoght-line motion makes Galilean speed V unoteervsabie and only Einsteinian speed v can be 
observ^ circular motion exactly reverses the situalion: f'becomes eaaly obseivaMe and V becomes mconvenima 
to observe. 

Clear recognition of the difference between and v suggests dim super-hnmnal speeds are not realty ioqiossfole far 
physical particles. Thore mesons may age less than expected because they travel faster than believed. 

As is so often the case, the problem lies not with the eipiations, but rmher wdh the imnprelalion of the symbols in 
the equmioiis. Applied in a partide accelerator, the Lorentz f<Mce taw says 


mQVto = ey0 

where iRq is rest mms, <a is circulmion frequency, e is charge, and A is nu^netic field. In both theories. SRT and 
Galilean, speed V is bigger than qieed v, so the frequency <0 has Hi be ‘'chiiped” down to compensate 

In the cased'SRT, V-yv is covariaal velocity, aid v is Einstciman velocity. The y is r^rtNqred mth fflo to 
form the mass pmaincter m = ymo thm incieases with speed. The meson is inesumed to travel at v, and it tbcidbR 
serais to age ^owiy. In lire case of Galilean theoiy, K is the Galilean velocity Rto wtuch is unlimited, and 
V = V/(] + /4c^) is the observable velocity limited to c. The partide is known to travel m 1^. so deie is no 

sui|Mise about its lifetime. 

5. SUMMARY AND CONCLUSIONS: 

LiglU piopa^tion has been modeled here as a pioorss involving two sequential steps; expansion from a souree. 
followed by collapse to an absoiber. The two-step model for light propagation fits well wiA (^: for exmiqiie. 
because of its non-locahty. so the two-step nKxtei for light propagation miy actually be right. In addition, the 
model is so simple that it allows the major ideas of iwenlieth-ceniuiy physics to be icoidered fiom the historical 
sequence we all experienced in school uito a new and possibly more appropriate order. 

Tire two-step model for light propagation fust reproduces the "troiAy'' results from CRT; gravitational red shift, 
light-ray betiding, ^parent non-Newtonian orbit penurbatioa and slowing of radar tangii^ signals. But it offers the 
results with different interpretations, and so suggests issues for future investigation 
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The two-^ model then iqiiodiices Oe esseotial iiuaMtative feohiics of SRT - tioie ^Uatioii, conlfaclion. 

But h does so without aay pendoxes. ml wM wider s»pe • kKtatUog lottdiMi mi a cc cl e n iiioii, aad it fib 
oudai e ) q) erimei i t s Most pmtii^stly. k fils exac^ in ^ case cf the c tpefimeat, wfaoe SRT csmdi 
piopalyieBdHaiqriendtitallhecauKOftileioialioniiivtfived. lit other experinenls when both theoiies mdcr 
pie^tiows. there mriigiki wmci ic jldi fie i e uc ie s wli^awdd be exploited to dBcrwiiaie betweea the fiwotks. f 
accepted, tte new theoiy pants to the teal pt^sfintity dT atper>htra^ qieeik. 
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Mach'S principle and local Lorentz-invariance together yield the 
prediction of transient rest mass fluctuations in accelerated 
jects. These restmass fluctuations, in both principle and prac¬ 
tice, can be quite large and, in principle at least, negative. 
They suggest that exotic spacetime transport devices may be feas¬ 
ible, the least exotic being "ia^ulse engines", devices that can 
produce accelerations without ejecting any material exhaust. A 
scheme of this sort is presented and issues raised relating to con¬ 
servation principles are examined. 


1- INTRCMDUCTION 

Aerospace propulsion technology to date has rested firmly on simple 
applications of the reaction principle: creating motion by expel¬ 
ling propellant mass from a vehicle. We can do better. A pecul¬ 
iar, overlooked relativistic effect makes it possible to induce 
large, transient rest mass fluctuations in electrical circuit com¬ 
ponents [Woodward, 1990; 1992]. Such fluctuations may be combined 
with a synchronized, pulsed thrust to greatly increase the acceler¬ 
ation attainable from a given amount of ejected reaction mass. A 
yet more innovative implementation of the effect suggests it may be 
possible to make engines that accelerate without the expulsion of 
any material whatsoever. These "impulse engines" are achieved 
without any moving parts (in the conventional sense) . The concepts 
involved are supported by experimental results already in hand. 
Moreover, due to the nonlinearity of the effect, Morris and 
Thorne's [1988] traversable wormholes and Alcubierre's [1994] "warp 
drive" may be attainable with known technology (while remaining 
fully in line with the established laws of physics, despite their 
"Star Trek" nature). Here, however, I deal only with impulse en¬ 
gines . 


2. AN INERTIAL REACTION EFFECT 

The effect to be derived is predicated upon two assumptions. 1. 
Inertial reaction forces in objects subjected to accelerations are 
produced by the interaction of the accelerated objects with a field 
-- they are not the iimediate consequence only of some inherent 
property of the object. And 2. Any acceptable physical theory 
must be locally Lorentz-invariant; that is, in sufficiently small 
regions of spacetime special relativity theory (SRT) must obtain. 
We ask: In the simplest of all possible circumstances -- the accel¬ 
eration of a test particle in a universe of otherwise constant mat- 
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ter density -- what, in the silkiest possible aj^roximation, is the 
field equation for inertial forces in^lied by these propositions? 
iRT allows us to stipulate the inertial reaction force F on our 
test particle stimulated by the external accelerating force P^xt 

F == - F.^t “ ' dP/dT, (2.1) 

with F - (Y^c, p) and y ■ (1 - v^/c^)'^^^. Bold capital letters 
denote four-vectors and bold lower-case letters denote three-vec¬ 
tors, P and p are the four- and three-momenta of the test particle 
respectively, t is the proper time of the test particle, v the in¬ 
stantaneous velocity of the test particle with respect to us, and 
c the speed of light. 

We specialize to the frame of instantarecus rest of the test par¬ 
ticle. In this frame we can ignore the difference between coord¬ 
inate and proper time, and ys since tl^y are equal to one. (We 
will not recover a generally valid field equation in this vay, but 
that is not our objective.) In this frame Eq. (2.1) becomes F « 

- dP/dr » - Idm^c/dt, £>, with £ * <^/dr. Since we seelc the equa¬ 

tion for the field (i.e., force per 'xniz mass) that produces F, we 
normalize P by dividing by Defining f = we get, 

F = F/iHo = - lic/m^) idm^/dt) , f] . (2.2) 

To recover a field equation of standard form we let the test par¬ 
ticle have some small extension and a proper matter density 
Eq. (2.2) then is F = - [{c/pg) {dp^/dt) , f] . From SRT we knew that 
Pq = Ef^/c^, Fq being the proper energy density, so we may write; 

F= - [(I/PqC) (3Eo/at) , f 1 . (2.3) 

To get the field equation that corresponds to F in terms of its 
local source density we take the four-<livergence of F getting, 

(i/Poc2) o^E^/at^) + a/p^c^v + 

+ V. f = - 4Tr0o. (2.4) 

We write the source density as Q^, leaving its physical identity 
unspecified for the moment, f is irro lational in the case of our 
translationally accelerated test particle, so we may write f - 

- Vj), 4> being a scalar field (or the timelike part of a vector 
potential field), and Eq. (2.4) is 

VH - {i/p^d^)(d^Ejdt^) - (l/p^c2)2 0E^/at)2 

- 47r(?o. (2.5) 

Now we must write Ep in such a way that we get a wave equation that 
is consistent with local Lorentz-invariance. Given the coefficient 
of d^En/dt^, only one choice is possible: £- » po0. This choice for 
Eq yields: 



* 4trc?o + ;a2p^/ae2) - 

- (4>/p^c^)^{dpJdt)^ - c-^{a0/at)2. ^2.6) 

If m ignore the terras of order c'* and those involving derivatives 
of Pq, we have in Eq. (2.6) the usual wave equation for ^ in terms 
of a source charge density Op- Since ^ is the potential of a field 
that acts on all matter in direct proportion to its mass and is in¬ 
sensitive to direct interaction with all other types of charge, it 
follows that the source of 4> must be mass. That is, 0© “ ^Pp* 
Thus the field that produces inertial reaction forces is the gravi¬ 
tational field [as expected in general relativity theory (GRT)]. 

Considering the stationary case, where all terms involving time de¬ 
rivatives vanish, Eq. (2.6) reduces to Laplace's equation, and the 
solution for ^ is just the sum of the contributions to the poten¬ 
tial due to all of the matter in the causally connected part of the 
Universe, tr.at is, within the particle horizon. This turns out to 
be roughly GM R, where M is the mass of the Universe and R is about 
c times the ace of the Universe. Using reasonable values for M and 
R, (M/R is ai^ut c^. In the time-dependent case we must take ac¬ 
count of the terms involving time derivatives on the RHS of Eq. 

(2.6) . Note that these terms either are, or in some circumstances 
can become, negative. It is the fact that these terms can also be 
made very large in practicable devices with extant technology that 
makes them of interest for rapid spacetime transport. 

Although standard techniques are used to obtain Eq. (2.6), one may 
be suspicious of the transient source terms. After all, they are 
unusual to say the least. Acceleration-dependent transient rest 
mass fluctuations are not commonplace, especially when they are po¬ 
tentially so large. Indeed, they seem almost too good to be true. 
Remark, however, that they have a well-known counterpart in stand¬ 
ard GRT: the Nordtvedt effect. In the Nordtvedt effect the masses 
of the constituent parts of accelerated extended bodies are tran¬ 
siently changed (due to the dragging of spacetime by the body) 
[Nordtvedt, 1988] . The magnitude of the mass-shift in each part of 
the body is proportional to the product of the acceleration and the 
Newtonian gravitational potential of the rest of the body at its 
location. In the case of our accelerated test particle, in its in¬ 
stantaneous rest frame the remainder of the universe appears as an 
enveloping accelerated body. Accordingly, we might expect it to 
induce a transient mass fluctuation in the test particle. Eq. 

(2.6) , nevertheless, is not validated by the occurence of analogous 
effects in GRT or other theoretical speculations. Its validity is 
a matter of fact determined by experiments. 


3. PULSED THRUST 

Since the predicted mass shift is transient, large effects can only 
be produced by very rapidly changing proper matter (or energy) den¬ 
sities. This means that the duration of any substantial effect 
will be so short that it cannot be measured by usual weighing tech- 
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t) ait) : 

<F> = - 2(>}^61^dmQCost. 


(3.5) 


If 6 Iq is a few angstroms (easily achieved with normal PZTs), then 
when cosO * ± 1 forces on the order of several dynes or more can be 
produced in the laboratory. I have done this in fact employing ap¬ 
paratus shown in general, schematic form 

2 1 in Pig. l. The enclosure is mounted via 

I a shaft on a stainless steel diaphram 
■ CD), a spring that supports the enclo¬ 
sure and its contents, to exceedingly 
sensitive vertical position sensor (S) 
detects the location of the shaft. It 
enables one to measure the weight, and 
thus the mass, of the suspended appara¬ 
tus. (To change <F> into^ an equivalent 
weight it must be divided by the local 
acceleration of gravity.I Fig. 2 dis¬ 
plays a photo of one of the capacitor 
arrays mount.ed on a PZT in the bottom 
part of its enclosure. (Further details 
of this apparatus can be found in 
Woodward, 199€b.} 



Fig. 2: A CA/.PZT/E 


In actual practice one takes the differ¬ 
ence betweer. runs adjusted so that cosft 
<• 1 anc. those where cos& « - 1. 
Recent results obtained at 14 kHz 
with thus device are shown in Fig. 
3. In the 7 to 12 second interval 
the C,A and PZT are activated pro¬ 
ducing the displayed differential 
weight shift. These results are 
those predicted to better than or¬ 
der of magnitude, (Earlier re¬ 
sults accompanied by extensive val¬ 
idity checks and analysis are in 
Woodwari, I99€b.) No weight shift 
Fig. 3: Results like that in Fig. 3 occurs when 

either the CA or PZT is run separately. This behavior is shown in 
Figures 4 and 5 respectively. These ar.d other checks leave little 
doubt that the signal seen is that sought. Can we use this effect 
to make impulse engines? Perhaps. 


Figs. 4 and 5: Results 
for the CA (4) and PZT 
(5) run separately 





4< BiPm.SS BHOINES 


It seems, on the face of it, thrt impulse engines should be pos¬ 
sible. Consider, for example, the case of a kid on a skateboard 
with a brick. The brick's mass magically fluctuates periodically. 
The kid throws the brick in the direction opposite to where s/he 
wants to go when its mass is enhanced, and an attached Bungee cord 
returns the brick to him/her in the mass reduced state. The kid- 
brick-skateboard system accerates in the desired direction. You 
may be inclined to think that even if transient mass fluctuations 
can really be induced, if the power source driving the fluctuation 
were loaded onto the skateboard, mass fluctuation effects occuring 
in it would cancel the acceleration produced by repetitively throw¬ 
ing the brick. Were this not the case, it would seem that we would 
be confronted by a violation of the conservation of momentum. 
Since we have introduced no “new physics", violations of momentum 
conservation shouldn't occur. 

The acceleration revealed in the magic brick heuristic, nonethe¬ 
less, should happen. This is easily shown by making the system a 
bit more complicated: using two magic bricks instead of one. Our 
magic bricks will represent either two capacitors, or better yet a 
capacitor (C) and an inductor (L) . We drive mass fluctuations in 
these circuit elements that have 180 degrees relative phase. (This 
phase relationship is what makes a capacitor and inductor desire- 
able. They can be made components of a resonant circuic. Since 
the phase of the instantaneous power [the voltage times the cur¬ 
rent] in these components differs by 180 degrees, the mass fluctua¬ 
tions will automatically have the desired phase relationship.) 
Note that the mass fluctuations in the L and C elements sum to zero 
[at least when the mass fluctuations are small so that the coeffi¬ 
cients of the transient terms on the RHS of Eq. (2.6) can be taken 
as constants] , so energy conservation in this circuit per se isn't 
violated. We interpose a force transducer (a PZT say) between them 
that expands and contracts at the mass fluctuation frequency. A 
device of this sort is shown schematically in Fig. 6. 

When a device like that dis¬ 
played in Fig. 6 is activated, 
a stationary force is produced 
by each of the mass-fluctuat¬ 
ing elements on the ends of 
the force transducer. Each r>l 
the forces will be give*, 
roughly by Equation (3.5). 
(Even were we to assume that 
the mass of the force trans¬ 
ducer to be effectively infin¬ 
ite -- as we assumed the en¬ 
closure of Figure 1 to be in 
Fig. $; Impulse Engine Operation calculating the acceleration 
of the CA in obtaining Equation (3.5) -- a factor that reduces 61^, 
and thus <F>, must be included to allow for the fact that the dis¬ 
placement involved in the acceleration of each of the elements is 
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only a fraction of We now remark that the phase difference 
in the mass fluctuations of the L and C circuit elements con^n- 
sates for the fact that their accelerstions induced by the force 
transducer are in opposite directions. Accordingly, the stationary 
forces produced by accelerating L and C as their masses fluctuate 
are both in the same direction; the L/C/PZT system --an impulse 
engine -- experiences a steady, unidir-ictional accelerating force 
[which can be estimated with Equation Should we now attach 
the power sources to our device, they too will be carried along by 
our impulse engine, even if they contain fluctuating masses. 

It seems that we have constructed a device that blatantly violates 
the conservation of momentum. Perhaps we have ignored something 
important. For example, consider an ob:ect (a capacitor, inductor, 
magic brick, whatever), moving with some velocity v with respect to 
us, whose mass can be made to fluctuate. When the mass changes, 
does the velocity change too? Ostensibly no external force acts to 
change the momentum. So conservation cf momentum seems to suggest 
that the velocity must change. If the local momentum conservation 
implicit in this inference is true, then we can solve our problem. 
Local momentum conservation gaurantees that momentum must be con¬ 
served somehow point-by-, oint throughout our impulse engine. Thus 
it may wiggle a lot, but it goes nowher*. The assumption of point- 
by-point momentum conservation in this case, however, violates the 
principle of relativity, so it must be wrong. 

Let us suppose that, viewed in our inertial frame of reference mov¬ 
ing with respect to the brick, when the mass of the brick changes, 
its velocity changes too so that its momentum remains unchanged. 
(The cause of the velocity cheuige is mysterious. After all, driv¬ 
ing a power fluctuation in the brick to excite a mass fluctuation 
need not itself exert any net force on the brick. But we'll let 
that pass.) We see the brick accelerate. Now we ask what we see 
when we are located in the rest frame of the brick. The mass fluc¬ 
tuates. but in this frame the brick doesn't accelerate since its 
mc..ientum was initially, and remains, zero This, by the principle 
of relativity, is physically impossible. If the brick is observed 
to accelerate in any inertial frame of reference, then it must 
accelerate in all inertial frames. thus conclude that mass 
fluctuations result in violations of looal momentum co.iservation if 
the principle of relativity is right. 

The appearance of momentum conservation violation in our impulse 
engine doesn't mean that momentum isn't conserved. It means that 
we can't treat the impulse engine as an isolated system. Since the 
effect responsible for the apparent violation of the conservation 
principle is inertial/gravitational, t:his should come as no sur¬ 
prise at all. As Mach's principle ma]<es plain, anytime a process 
involves gravity/inertia, the only meaningful isolated system is 
the entire universe. Since inertial reaction forces appear instan¬ 
taneous [see Woodward, 1996a and Cramer, 1997 in this connection], 
evidently our impulse engine is engagirg in some "non-local" momen¬ 
tum transfer with the distant matter in the universe. With suit¬ 
able choice of gauge, this momertum transfer can be envisaged as 
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transpiring via retarded and advanced disturbances in the gravita¬ 
tional field that propagate with speed c. 

Gauge ‘freedom muddies up discussions of inertial reaction effects 
(Woodward, 1996a3 - Choosing a gauge where all physical influences 
propagate at speeds s c has the advantage that lightcones in space¬ 
time have an invariant meaning, whereas the surfaces of simultan¬ 
eity that appear in other gauges (e.g., the Coulomb gauge) do not. 
As just mentioned, in the Lorentz (or Einstein-Hilbert] gauge the 
inertial reaction effect, and thus our impulse engine, consists of 
a retarded/advanced coupling between the engine and the distant 
matter in the universe that lies along the future light cone. The 
introduction of the force transducer in the engine allows us to 
extract a net momentum flux here and now from the potentially 
largely therraalized matter in the far future. The net momentum 
flux is accompanied by a net energy flux, so although our impulse 
engine, considered locally, appears to violate energy conservation, 
that need not necessarily be the case. The extraction of useful 
work from matter that may be completely thermalized raises inter¬ 
esting questions. Boosting, rather chan borrowing, from the fu¬ 
ture, however, seems to be the nature of the process involved. 


Is any of this really right? Well, one way to get a fix on this is 
to run the experimental apparatus described above when it is rotat¬ 
ed by 90 degrees -- that is, oriented horizontally rather than ver¬ 


tically. If the observed effect 
couples to local gravity fields. 



Fig. 7: Horizontal Results 


is some spurious local effect or 
the observed effect should change 
when the local orientation of the 
apparatus is altered. But if the 
effect is caused by the proposed 
non-local interaction with cosmo¬ 
logical matter, it should be inde¬ 
pendent of the local orientation 
of the apparatus. Results obtain¬ 
ed with the apparatus oriented 
horizontally are displayed in Fig. 
7. At the level of experimental 
accuracy there is no significant 
difference in the magnitude of the 
effect for the two orientations. 


5. CONCLUSION 

It seems that at least one part of the physics of Star Trek -- im¬ 
pulse engines -- may lie within our grasp. Indeed, the transient 
Machian inertial reaction effect that makes impulse engines pos¬ 
sible may also make "stargates" and time machines based on travers¬ 
able wormholes feasible (Woodward, 1997]. This is a consequence of 
the strong nonlinearity of the total proper matter density as it 
approaches zero and negative values. (Negative mass has interest¬ 
ing properties. See: Forward (1989] and Price (19931.) The feas- 



ibfiity of such schemes, however, also depends on the magnitude of 
the bare masses of elementary particles and the nature of the vac¬ 
uum. These matters are, at the very best, conjectural. According¬ 
ly, the schemes are a good deal more speculative tham impulse en¬ 
gines. But they, along with impulse engines, can be explored ex¬ 
perimentally with present technology at reasonable cost. 
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ABSTRACT: /Q 

The Electric Spacecraft Journal is a forum where independent researdiers in fields related to propulsioo alternatives 
may share their discoveries and thoughts Some contributions are ^aaid-aionc ^orts, but several others, with divo-se 
origins, tie into a single propulsion concept: the developmeot of interactive electrodynamic fields for propulskm. 
According to this concept, pulsed dectrostatic pmentiai waves can be generated and transmitted in latitudinal form 
fran the surface of electrodes Intense non-iinear polariring waves are thcrrfjy extended mto the surrounding ^>ace, and 
fiee surface durges can be developed on nevby contkKtors. There is the possibility that a precision system of pul^g. 
phasing and directing sidi electrostatic pulses could develop reaction forces on surrounding objects, media and space 
fields. The role magnetism in the near-field effects being investigated has yet to be considered, but will be once a 
certain level of clarity has been achieved regarding the electrosutics involved 


INTRODUCTION: 

Since 1990, several curiosities, raising questions about accqited theories, have been reported in the Electric Spacecraft 
Journal. Fa example, jeraic (1996) has shown that freely-floating soap bubbles will be atbacted to the terminal of a 
Vw de Graaff generata until die fird bubble touches the tominal and explodes. Then, all the other bubbles will turn 
around and migrate away from the terminal In another case. Dr. T.S. Lee and his colleagues have shown that the 
suspoision of a hi^-vdtage point over an oil film aneared on a (^ass plate will create a perfectly circular, expanding 
wave front The same phenomenon has also been goieratcd in powder media (Lee-1996 and 1997) Coilributions to 
ESJ range from a report that air ionizers slow the free fall of dropped nickels (Hartman-1993) to videotapes and 
documentation, of die randan levitation, thrustmg, extreme deformation and disintegration of a variety of objects 
sifojected to uncontrolled combinations of electrostatics, intense transformer discharges, microwaves, capacitor 
discharges, and more (Hulchisai-1991. 1992a, 1992b, and 1993). This phenomenon has been called the Hutchison 
effect, and has been ngaously studied by Hathaway (1991) 


APPROACHES: 


Alzofon (1994) performed expenments with sophisticated labaatory equipmoit that provide encouraging results in 
support of his theory that gravity can be regionally modified In effect, a mass specimen was placed in a uniform 
magnetic field and exposed to pulsed, tuned, high-frequency microwaves This caused the subatomic constituents of the 
atoms in the mass to realign their nuclear spin onentations. Accading to Alzc^on’s theoty, which is modeled with a 
conservation of momentum model fa collisions in an ideal gas, this would directly affect the symmetry of the mass 
gravity field. This asymmetry would then be manifested as a gain or loss in the mea-sured weight of the mass. According 
to Alzofon’s theory, the gravity field change can only occur during the electron/nuclear orientation and disorientation 
transition period 

Regarding the speed of light, Phipps (1986 and 1997) has pointed out how Maxwell’s equations of electrodynamics are 
only special-case formulae of mae generalized equations published in 1892 by Heinrich Hertz Maxwell’s equations 
were derived fa scenarios involving a stationary detecta Consequently, only a partial time derivative was taken When 
the taal time derivative is taken in denving the equations of electrodynamics, allowmg detector motion, the .speed of 
light is no longer required to remain constant, and the velocity of space vehicles is no longer limited The senousness of 



the anplications this has for ^Kdal rdativity and space-time symmetry camot be understated. Mai^ others (Walton- 
1997 and Je&nenko-i997) have taken issue with the scientific methods and trains logic that have been involved in 
interpreting ^lecial relativity theory with respect to limiting velocities and space-time dilation 

Carroll (i997a and b). taking a totally dififerent mathcmatKal ^rproach. calculated that the velocity light under the 
influence of a gravitational fiehl is not restricted to c. From this conclusion, he asserted that space exists solely by virtue 
of the mass and energy contained in an object and its associated fields His calculations indicate that the energy density of 
space falls off as the inverse fourth power of the distance from matter. The relatkmship between ^aoe energy density 
a^ the ianilatioo on the velocity of li^t is analogous to atmosi^ieric pressure and the sonic velocity limit. In less dttise 
media, resistance factors are less influential. According to Carroll, vel^ties arc therefore only limited by the energy of 
the power supply when used in regions of zero enagy density. He has calculated that meson energy drives have the 
potential to achieve speeds twenty million times faster than the speed of light. 

Froning (1997) also suggests a way m whkdi precision and faster-than-light travel might be possible. According to his 
concept, the energy density of space itself can be changed around an object If this is possible, then declric field pulsing 
may fH^ovidc a mems of changing the local energy density around a craft 


Oataic Effccte 

In the etflier publications of ESJ, much attention was devoted to investigating T.T. Brown’s claims of a connection 
between electricity and gravity. Experiments conducted by T T. Brown indicated that suspended capacitors underwent 
linear thrust when a voltage was applied (Brown-l99la) In other experiments, Brown showed that aluminum saucers, 

I '/a -2' in diameter, suspended frenn tethers on c^iposite ends of a routable bar, would move rapidly when coimected to a 
50 - 15{Mc V source (Brown- 1991c). Brown and Bahnsoo did not find an dectrogravitics connection, and subsequent 
testing Brown’s devices (Brown-I99lb and Hall-1995), whkdi tried to eliminate ccmlomb forces and ion wii^, have 

led to two definitive conclusions; (I) The coulomb forces and ion wind were all but impossible to negate, but when they 
were nearly eliminated, little or no force remained (2) Transient discharge of the hi^ voltage terminals resulted in 
increased dinist levds, indicative of an dectrical phenormoon, md nd the dectrogravitics interaction that Brovm and 
Bahnson had sou^t. 

The use cf a motorized, sectorkss Wimshvrst generator (Yost-1994s) facilitated frie duplication of historical 
dectrostdic i^ienomcna. Alummimi foil could easily be levitated in a vertically-oriented field between dedroites cf the 
Wim^urst. A polypropylene died placed over one electrode diifled the position of the levitating objects nearer to the 
ocher electrode in orbits coinciding with the theoretical locations maximum field intensity. Levitating cdijects always 
floated lengthwise, with their pointiest end down, and orbited horizontally with their rdational axis aligned with the 
theoretical lines of force. A chain, placed on a dielectric sheet and atuched to the positive terminal of an electrostatic 
generator, whipped around violently when the negative terminal sparked nearby (Hall and Kulba-1996). 


Ekctrkal Beans 

Schlieren imaging of the region between Wimshurst electrodes (Yost-1995a and b) has shown how electrosUtic forces 
alter the density of the surrounding air Sparks produce cumuloform pressure bursts from both tenninals When the 
negative terminal is fitted with a point or a small ball, a coherent thread-like stream is emitted. A single thread could also 
be made to emanate from the positive terminal, but threads from the positive terminal were substantially weaker than 
threads with negative origms The dual threads do not seem to interact with each other. Subsequent experiments 
revealed that the movement of the thread was not influenced by the location or movement of the other electrod", g: -.aI, 
or a neodymium magnet moved in close proximity. A wuc probe connected to a DC microammetcr registered a cuTiCnt 
of 50 pA Ui the stream, and nothing unmediately outside it. A mechanical wuid vane, sirmlarly, remamed stationary 
except in positions intercepting the stream, where it would spin rapidly While the stream had momentum and ciureot. it 
seemed to be electrically neutral. It showed slight perturbations when a small steel ball placed near was suddenly 
whipped away 


Electrical beams with different properties have been generated by other means Morton (1991) created a beam by 



placing a glass tube having a metal end plate on a charged Van de Graaff terminal He observed that a spark jumped 
frmn the Van de Graaff to the end plate, which then emitted a beam. The beam charged a meUl target at which it was 
aimed, as well as everything else in its path Later, based on Morton’s observations, Schkcht (1992) recreated the 
phenomenon with a mare sophi^cated device at the University Karlsruhe, Germany. This pulse device has generated 
energy beams which have been able to levitate talcum powder fix brief instances These beams were accompaiued by 
electrostatic field effects and an obvious change in air pressure noted by experimenters at a distance ctf 4 m. This beam 
was nr4 believed to be an ion wind because a neon lamp was 25% ignited and test balls exhibited attraction-repulsion 
behavior when placed in its path, and its ignition spark was not of the characteristic color wkI form of conventional ion 
propulsion sparks. The Wardenclyffe Tower, ccmstnicted by Tesla (c. 1905) was designed to oscillate high electrostatic 
charge on its dome-shaped electrode, which had a hole in its top for the projection of a beam toward the ionosphere 
These experiments suggest possible new avenues for propulsion research 


lenThniattag 

It is reasonable that hybrid electrical energy systems that use throw-away mass and enhanced ion llvusting systems may 
prove to be viable in the short-term In such systems, the savings and advantages are attributable to the fact that 
electrical energy can be (Stained from solar or nuclear resources, diereby reducing die qu«itity of throw-away mass 
required Recent developments have led to the construction of a high-flying, solar-powered, earth-atmosphere craA with 
vring loadings as ligiht as 07 Ib^ (Aerovironroent-1997). Widi wing loadings of 2 Ib/ft^ ultra-light craft powoed solely 
by ifMi-typc thrusting devices may be able to fly directly into orbit. Power and velocity prtrfiles indicate that this is 
feasible Craft of a large, circular, rotating di^ design orofi tubular wing design look most promising 

Okress has patented (Okress-1966 and 1991) a pulsed, iooized gas thrusting technique which is believed to be more 
powerful than ion propulsion systems now in use Iw scvwal orders of magnitude. The quasi-corona propulsion system 
would mdcc ion thrusting competitive with conventional jet aircraft and make possible high-thrust electrical rockets for 
spacecraft. Okress’ technique uses the principle of rapid, high-eiectrostatic-field pulses on the order of two nanoseconds 
The diort duration of the pulses prevents electrical breakdown from processing down a chain rf molecules. By 
ctmtrolling breakdown, very intense electrostatic fields, with potentials greater than 100 kV/cm, are produced for the 
acceleration of iwiized molecules Typical pressure differentials have been calculated to reach 30 Ib/ft^ 

Cox has patented (Cox-1982,1992a, 1992b and 1996) a non-ion thrusting technique vriicrdiy alternating elcctnc and 
magnetic fields can accelerate a i^inning polarized molecule or particle. Polarized molecules may be rotated, much like 
motor rotors, if placed in a reversing electrical field. The application of a phased pulse from a magnetic field, 
perpendicular to the axis of rotation causes the resulting Lorentz forces on both poles to act in the same directicm for a 
net thrust. It is believed that this technique could provide a mearis of accelerating electrically neutral gases to produce 
thrust. The major drawbacks will be difficulties in overcoming the tendencies (4' molecules to ionize, and difficulties 
getting a sufficient number of molecules to align without thermally remdomizing each others’ orientations. 

An electncity-related propulsion prospect is the water arc explosion (Hull, Grancau, Graneau, and Hathaway-) 995a. 
1995b and 1997), Careful experunenUtion has demonstrated that when 30 joule arc discharges from a 0.5 pF capacitor 
occur through 1 cc of water, energetic, explosive Ihmslmg results. The output from the reaction is so energetic, 
conventional conservation of energy equations indicated that the output energy was greater than the input. The latest 
information released indicates that the energy may be accounted for as the difference in the latent heats of vaporization 
for fog and water. It is theorized that so much energy is delivered to the water in so little tunc, the water does not have a 
chance to change the elecuicity to heal, but, more expediently, uses it to transform into an explosion of fog Water arc 
explosions suggest that water may be used as a propellant for reaction mass, with electricity as the energy source 


Longitudinal Wave Generation and Transniision 

The amcept of electrostatic waves (otherwise known as longitudinal, ionization, potential, or scalar waves) has been all 
but forgotten since Maxwellian transverse electromagnetic waves became the focus of electrical research Although 
much experimentation is still required to understand the properties of these waves, a few fundamental notions have been 
established (Jcfimenko-1992) The well-known electrostatic field that exists between separated charges exerts repulsion 
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and atlnH:tk» foroes aiKl pdartzes neutral media and It has no magnetic field associated with it. This field is 
Teferred to as a longituduial field becmse variations in tte intensity of an electiostatic field are transmitted 
loi^tudinally; that is, in the same direction as die disturbuioe (Yost-1992a). Longitudinal dcctrostatic waves can be 
created by any variation in the dcctrostatic fidd. Variations may be caused by (I) osciliding an object hdding a static 
charge. (2) penodicaily varying the amount of charge on an object, or (3) suddenly changing the charge on an object, as 
with a pulse spark discharge Longituchnal electrostatic waves transmit only dectrosUtic potential eno-gy, and arc not. 
strietty speaking, physical ion transfer mechanisms 


ThcWiggkWaad 

The transmission d* a potential wave may be illustrated by chargu^ a plastic rod md movmg it to and fio several feet 
firm) a ball aniemia, which is connected directly loan oscilkscqie (Yost-1992a and 1994b, Hall-199S and 1996). The 
variations in the electric field, caused by the motions of the chai^ rod. or wiggle wand, cteale an dcctrodynamic wave. 
When the wand is wiggled very near the antenna, large voltage fluctuations me induced, sixteen fiset away, fluctuations 
of several millivolts are still detectable (the fidd strength fails off as \h*). The dynamic wave fonn on the oscilloscope 
correqxmds with great fidelity to the motion d the tod. 

Additional wiggle wand experiments (Yost-19%), with a 300-foot length d polyethylene-coi^ # 18 wire attached to 
the oscilloscope, caused fluctuations which have been dtributed to polarization potential variations, since the circuit was 
open and no current flowed beyond that which might be explamed ^ Uk displacemuit currents. Perhi^ most 
iiMaesting was the fad diat oscillations d the eiedrosUlk wand could be picked up by an antenna sixteoi feet away, on 
the other side da chmed. wooden door (Yost-l997a). When the door was opened, the signal reception was much 
weaker; tte wand had to be half as far in order to oeate signals d similar intensities. It woidd seem that intervening 
solid dielectric objects transmit elecirostatic force with less dispersion, just as metal conductors transmit current with 
very little loss. In air and vacmni. the electrosimic force fsUs accordii^ to the inverse square law. In solid dielectrics, 
however, chtfges polarize, facilitating the trananission deledik fields, much like conducting materials ha\e been 
presumed to conduct cdecthc charge. Deavoiport (1997) also ^wed that a light bulb would oscill^ in respemse to an 
elecuostatic field on the other side of either a 1/4* thkh Piexi^as™ plate, or a 1/8* thick glass dome 

These experiments su{^)ort ewly clauns made by Tesla thm dectiical energy can be transmitted by means d longitudinal 
dectnmttfic forces, the ground serving as he current conductor, and the air acting as a dielectric for the di^acenmit 
current ThcelcctrosUticfieldhastheabiltty to pedtfize ail atoms (metallic and chdechic). In the case of conchictors, the 
polarization will cause a current to flow if the conchicave material is in the form of a closcsd circuit Thus, as Tesla said, 
potentials can be developed as standing waves on the earth, and power can be tiq^ied by putting igi a metal antenna. 

Electrostatic Icmgitudinal forces ve believed to be analogous to accxistic longitudinal fcmces. Hartman (1992) showed 
how strumming the low E string on an amplified guitar, with ^iproximately 25 watts of power, could cause a ^leako-, 
placed on the ground, to levitate for five seconds Higher frequencies only vibrated the speaker, whereas distorted, lower 
fiequencies could levitate the speaker as much as one centimeter above (he ground. In a amilar experiment. Yost 
(1992b) demonstrated (he acoustically-induced motion of a pendulum-suspended speaker. No motion was detected with 
a steady, intense 20-40 Hz signal However, careful pulsuig of the signal caused the woeder to swing, and the amplitude 
of the swinging could be increased by delivering the pulses at times coinciding with the swing period In other 
expcriinents, Hartman (19%) floated a speaker in a tub of water and observed that certain tones would scoot it across 
the surface of the water, if it was initially tilted to make the force against the water asymmetric. Hartman reported that 
the speaker would either jump, sit still, spin, or scoot, depenoing on the fi-equency delivered These experiments have 
led to speculations that electrostatic longitudinal forces might be modulated similarly 


High-Intensity EiectrosUtic Field Generation 

Tesla’s insistence that the tower at his Colorado Spruig-s laboratory was transmitting l<Higitudina] electrostatic waves has 
not been well-accepted Nevertheless, in a working analogue of Tesla’s tower, created by Kovac (1991the partial 
conversion of the high-voltage output of a Tesla coil to sutic elcctricitj' was demonstrate By sending high voltage RF 
from a Tesla coil secondary through a mercury vapor rectifier tube surrounded by a steel pipe, Kovac was able to 



accumulate an clectn»tatic charge on a ball electrode, '''ais static field was, in turn, modulated into a waveform, 
rqvesenting the combination of an S Hz component and a 100 fiz component, by means of mechanical switches. The 
Rf rectifier technique albws for higher power outputs from an electr(»t;rtic wave transmitter. This technique also 
pomits the potential on an aitenna to be moihilated, indicating that it might be possible to set up resonant waves 
Thning the ekctroinatic waves in a dosed system, such as on the etfth ^here, allows transmitt^ longitudinal 
electrostatic polarizations to be reflected and to return to reuiforce the excitation 

Research with Tesla coils (Hull- 1993b) has been a constant source of fascination for experimenters. Hall (1992) 
(Aiserved attractive and repulsive re^xinses for a variety of plastic and metallic objects suqiended near a Tesla coil 
secondary that led him to conclude thM the objects were acquiring a static charge. As early as 1991, Hull and his group, 
loDown as the Tesla Coil Builders of Richmond, noticed a buikhqi and retention of electrostatic charge on insulated coils 
and metallic objects located near an operating Tesla coil (Hull-19%). Controlled experttnents were therefore devised to 
qualify the cho-gc buildup on a distant, insulated, conductive ttfgct (Hutl-I993a). Charges of 20 kV were detectable at 
di^ances up to nine feet away. Experiments set up with a fan positioned so as to blow the air-bomc charges toward, and 
then away from, the collector showed that charging was at least partially due to the flow of ions, but that perhaps 
another, faster charging mechamsm was operating as well 

Hull repeated the experiments, rcplacuig the Tesla coil with a Van dc Ciraaff generator The instant the Van de GrasS 
was turned a voltage IS kV appeared on the ranotc collector. But, it was discovered that in a steady ^tic field, 
the cc^iector barely picked up a chm-ge. It was then supposed that a spark or erther rapid field variation might be 
resqxmsible for setting iqi a wave (tf diargc transmission. Electrical waves propagating with ^leeds far in excess of those 
attainable by ionic mobons have been researched in-depth (Lagarkov and Rutkevich-1993). An experiment m 1930 
(Lagvkov and Rutkevich-1993) revealed that a luminous wave, created by applying 180 kV across a long vacuum tube 
at 20 torr, moved with a speed of S x 10* cta/s. Because ions caroiot move this rapi^y, the hi^ velodty was idtribided to 
the propagation of an electric potential wave. A Russan patent qiplicMion (Avrmnenko and Avramenko-1994) refers to 
the oscillations of free charges as the displacement current or longitudinal electrical wave, capable of efliciently 
trananitting power Jack.son (1962) devotes only two sentences in his classic eleclrrxlynamics text to longitudinal 
electrostatic fields 

Damm (1995 and J 996) ha.s speculated that Tesla incorporated acoustic resonant criteria in the design and modulaticai 
of his tower at Shoreham, Long Island. The dimensions of the tower's components and their ixxxistic resemant 
frequencies are well-matched to the eolh’s electrkd resonant frequencies. Tesla’s notes mention that an electric pulse 
would traverse the earth’s diameter and return with a period of O.C^54 seconds. He also claimed that lightning could 
resixiate the earth electrically In an investigation of multiple-stroke lightning, Yost discovered, as Tesla suggested, that 
die periods between flashes corre^Kinded to simple harmonics of the earth's diameter, 1/4-. '/j-, and 3/4-diaineter time 
periods being most prevalent (Yo«-1992c and (Sgawa-l 982) This suggests that the earth behaves as a giant dipole 
antenna, and that the electrostatic resonance of the earth was indeed a possibility Tesla intended to transmit potential 
differences over the earth and build them up as resonant standing waves. 


Spark Diachargea 

The spark discharge method of producing pulsed electrostatic waves is simple, most promising, and little understood It 
is in this pulsed wave form that T T. Brown’s electrogravitic effects were thought to be enhanced. Recent developments 
with spark discharges have been made possible by engineering advancements with the Tesla magnifier made by Hull 
(1993b) The Tesla magnifier is a third coil, which Tesla used with some of his traditional coil setups The magnifier 
serves as a frce-resonance transformer for creating extremely high voltages at very low amperages. The magnifier coil i.s 
driven by the Tesla coil secondary Very small magnifier coils, on the order of 4* in diameter by 12" long, are capable of 
producing 10-foot sparks, without heating or shorting, from a 6(KK} watt power source Tlieir output con.si.sts doininanil v 
of an altematmg electrostatic potential field 

Hull (1996) conducted a series of experiments involving the capacitive loading of Tesla coils In one experiment, a coil 
was loaded until no sparking would occur When the coil was turned on. a distant toroid used to collect electrostatic 
charge remained electrically neutral, while a neon tube at the same distance glowed intensely When a thumbtack was 
placed on the terminal of the trans-mitting aiil, sparks broke out, the collector toroid registered an immediate increase in 



charge, and the neon tube ronatned inUt. It became evident that spark discharges were necessary if the electrostatic 
effects were to be obsoved. It is now believed that the Te^a coil can serve as a field emitter of pulsed potential to its 
surroundings. It is not difficult to produce by this means megavolts of potential and megawatts of in^iulse energy. 

Further eiqjerimcnts with capacitive loadings (Hull-19%) suggested that c^wcitive couplmg miji^t be occurring. A coil 
sysSem was set up so as not to ^laik. Nearby, a similarly-ioaded, grounded coil, tuned to the frequency of the 
trananitting coil, was passively placed as a receive- and made to produce large sparks. Rotating the resonator throu^ 
90* resulted in no diai^ in intensity, therdty demonstrating that the sparidng was not due to dectromagnetic induction. 
It was further ncNiced that the capacitive loa^g on the crds had a direct bearing on the degree of spadcing. This 
indicated that tuned radio communication was not the sole means of energy transmission between the coils. In yet 
another experiment, two separated, ungrounded, passive, capacitively-loaded coils were conductively connected at their 
bases. Whm the active coil was operated nearby, sparking took place between the passive coils, which were acting as 
receivers, and an alternating currat flowed thnwgh their connecting base wire. These pbotomena demonstrate a 
potemial for remote charging, which might jbe applicable to a craft and its immediate surroundings. 

Experiments by Yost (1996), designed to explm^e the nature the combined fields ctf a Wimshurst gcneratcH' and a 
Teda coil, revealed that when the outpift from an electrostafre generator was sprayed onto the ball terminal of a Tesla 
coil, the dectrosutic field surrounding the Tesla coil was greatly enhanced and extended. In later expoiments (Yost and 
Hull-l 997), points were used to form a 0 01* spark gap. This gap joined the positive terminal <rf the Wimshurst 
generator to the base cf an ungrounded cml whidi had a Ivge m^ bowl uqracitor on top. When the system was 
operating, tiny sparks were oteerved to jump the gap. Four feet away, an antenna picked up ^rong signals from the bowl 
with high fidelity Oscilloscope readings indicated thst the antenna was pulse ctuu-ging in less than 1 ps, with a positive 
charge that todc SOO ps to decay. In other words, clectroststic potential was being impulsively transmitted. Electrostatic 
oscillations 600 kHz, generated by the LC circuit, were superimposed on the exponentially decaying potential The 
bowl cm top the magiufier coil had accumulated an intense static charge, which it retained even after the power source 
was shut 


METHODS: 

The electrostatic field variations are projections of longitudinal eiectro^tic forces, and not electromagnetic waves 
(Yost-1997b and Jefimenko-1992). Thm arc no currents transmitted, nor any need for conductors in order for such 
forces to transmit instead, a displacement current deveiqis within the confines of individual atoms, as polarization. 

Spark discharge experiments hint that it might be possible to design a craft that could be laundied by gcoerating positive 
or negidive pulses, provided it can produce a repulsive force in its suiromdings. The demonstrated techniques will need 
lo be enhan^ in order to develop a high-power, poiarized, phased wave capable of thrusting a craft. The dectrostatic 
coulomb force is understood to fall off as die inverse square of distance. This relationship applies to die field around 
point datic charges The pulse disdurging of large, dielectric surfaces seems to provide greater latitwie for the 
development of coulomb forces which do not deteriorate according to an inverse square law. It is speculated that pulsed 
potentials carrying frequencies on the order of 100 MHz may allow electrodynamic longitudinal forces to be directed by 
a practical sized craft 10 meters in diameter. 

It is not possible to focus a static force field (analogous to a constant pressure field). However, as with sound waves, it is 
thought possible to dansmit end focus variations in the electrostatic field. Means of intensifying, transmitting, and 
pulsuig oscillating electrostatic field variations have been (temonstrated. The successful elecirosutic propulsion system 
will need to have the ability to set up an intense electrodynamic field around the craft. This field will have a sharp, 
transient electrostatic field gradient capable of being propagated. In some instances, tlic uitense charging of remote 
objects might be used for action-reaction force. Pertinent craft components will need to be sized so as to be resonant 
with each other and the surrounding fields A means of adjusting the field on (he craft must be employed to maintain 
resonance at differing velocities and differing distances from the craft. Thus, a method of pulsing, phasing, and directing 
electrostatic influence may be possible, and is preferable to forcing motion of the atmo^here at large, as is typical of ion 
propulsicHi. In any case, care must be taken to prevent voltage breakdown from shorting out and defeating the intense, 
oscillating field. 
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If the earth were to be oscillated at its resonant frequency, then a craft might be propelled by self-modulating its polarity 
to interact with the earth’s alternating ctMilomb attractions and repulsions The ability of air to behave as a conductor for 
hi^-voltage, high-frequency fields might assist in this endeavor (Yost-1996). Standing wave resonant freids would need 
to be deveic^ied. srane^at in the fashion described by Tesla in his early experiments to produce earth electrical 
resonance This technique might be limited to altitudes within the extent of the earth’s atmosphere 

In another means of prr^ulsion (Yost-19%), an ambient electrostatic field of an oscillating polarized nature might be 
develr^ied in the medium surrounding a craft. A ground transmitter mi^t establish such an ambient field, which would 
be neutral tor most purposes, but propulsive close to a craft capable of alternating its polarity m proper phase with the 
surrounding longitudinal polar oscillation (Yost-1992a). It may also be possible that the craft itself could induce a 
resonant polarization on its surroundings, with which it would react repulsively (Yost-1997b) 

Another propulsion mechanism would involve intense static potential transients built up on the craft (Yost-1997b). The 
pulses could be of the same or alternating polarities The craft would be powered by discharges that would polanze its 
lower side A series of pulses would set up a tram of gradually-dissipating potential waves Should the waves be near the 
ground, they would set up a penalization Held in the ground molecules It may be possible that shifted-phase polarization 
of boundary surface molecules in the unmediate vicinity of the ship will provide a repulsive thrust There appears some 
possibility that a suftkiently'intense pulse of nonlinear electrostatic fields will cause nearby molecules to assume an 
inverted polarity, cqiposite to the polarity they normally would assume in response to the charge on the bottom of the 
craft If this is the case, intense pulsing may simply produce a repulsion fwce against the surroundings 


CONCLUSIONS; 

Even with field propulsion techniques, the principles of action/reaction and conservaticai of momentum still apply. 
However, with field propulsion techniques, it is not necessary to throw away mass to achieve action and reaction. To 
develop fields, generators still require the expenditure of large amounts of energy. The energy must be converted into an 
electric force field which can react against the surrounding medium «r (Ejects. Thus, masses arc moved relative to one 
another in accordance with established Newtonian principles, which ^te that the center of mass of a system remains 
constant The only way to move, according to this hypothesis, is to react against the surrounding medium (objects, 
fields) The motiem of one object in this space requires the rearrangement of other objects. 

Fot liftoff, a repulsive force is required to act against the immediately surrounding objects, like the earth or the 
atmosphere The critical issue is whether or not the electric fields (charges) can be manipulated in <M-der to produce an 
interacting repulsive/attractive force at a distance to propel a craft. This might be accomplished by charging the craft and 
surroundings with like charges. Repulsion might also be accomplished by polarizing the craft out of phase with its 
surroundings using oscillating fields. The latter technique is most desirable 

The pro.spective system will require a lightweight craft with a large surface area to accommodate electrical storage and 
interactions. Some means of on-board capacitive discharge will be employed to transfer a la.'^ge potential difference 
(energy density gradient) to and from the ship’s surface The medium surrounding the craft will require an electrostatic 
field against which the ship may react. The field in the medium may be generated by the craft or a ground transmitter. 
Strong, pulse discharges will probably be the best technologically feasible method of creating the necessary field 
intensities and gradients The frequency of the dc pulses will need to be brief to prevent the propagation of electrical 
breakdown To overcome inverse-square energy losses, the field mteractions will need to occur in close proximity to the 
ship. It is possible that focusing techniques may be developed with the ability to direct intensities over extended 
distances At least one field must be oscillated to be contuiually pulled by the polarities of the other field The pha.sed 
oscillation of the fields must be continually modulated in order to axirdinatc all the constantly-changing, interactive 
variables involved in this attractive/repulsive thrust mechanism 

Individual components of the envisioned electrostatic propulsion .systems have been demon.strated to work on a small 
scale. The.se include the generation of electrostatic fields capable of levitating .small objects and thrusting with small 
forces, the existence of a beam of electricity capable of producing mechanical force, (he tran.smission of charge to 
conductively isolated objects in the laboratory , the intensif. ation of longitudinal electrostatic fields by means of Tesla 
magnifiers, and the oscillation of these fields by various meaas The next step in experimentation will be to perform tests 



on a larger scale with more powfTfiil equipment. The implemenUtion of fiill-st ale potential field propulsion systems is 
dependent on the aflfumative answers to the following questions: 


• Can the conversion of Tesla coil magnifier oscillations to electrostatic charge be ntade sufitcieiuly efficient? 

• Can the longitudinal electrostatic forces be intensified, directed, and extended? 

• Can they be asymmetrically directed? 

• Can polar fielcb between separated objects be phased to set iqr continuous mutual repulsion against surroundmg 
objects, fluids, gases, or space fields? 
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Abstract 

The idea of "hyperspace” is suggested as a possible approach to faster-than-light (FTL) motion. ^ 

A brief summary of a 1986 study on the buciidean representation of space-time by the author is 
fM-esented Some new calculations on the relativistic momentum and energy of a free panicle in 
Euclideai. "hyperspace” are now added and discussed The superimposed Energy-Momentum curves for 
subluminal panicles, tachymis, and panicles in Euclidean "hyperspace” are presented it is shown that in 
Euclidean "hyperspace" , instead of a relativistic time dilation mere is a lime "compression” effect. Some 
fundamental questions are presented 

1 INTRODUCTION 

In the George Lucas and 20* Century Fox Production of STAR WARS. Han Solo engages a drive 
mechanism on the Millennium hekon to attain the ‘‘boost-to-light-speed”. The star field visible from 
the bridge streaks backward and out of sight as the ship accelerates to light speed Science fiction writers 
have fantasized time and time again the existence of a special space into which a space ship makes a 
transition. In this special space, objects can exceed the speed of light and then make a transition from the 
special space back to "normal space" Can a special space (which I will refer to as hyperspace) exist? Our 
first inclination is to emphatically say no! However, what we have learned from areas of research such as 
Kaluza-Klein theory! IJ, Grand L'nified supersymmetry theory [2], and Heicroiit string theory [3] is that 
there mdeed can be many types of spaces. Quantum GeometrodyTiamics indicates (as a theory ) that space- 
time geometry may be fluctuating at distances within the Planck length [4]. Moreover, not only can space 
have different geometries but it can have enormous virtual energy content as a result of the zero-point 
quantum fluctuations of the electromagnetic field of the vacuum. [5| Thus, it is not umremsonabie to at 
least explore the possibUUy that nature may provide a four-dunensional or higher dimensional space- 
time which exists throughout the universe and is physically accessible for dte motion of particles (suck 
as electrons, protons, photons, or neutrinos) at speeds beyond the speed of light This subject would 
tantamount to an inve.stigation of enormous scope, but here the author will present a brief discussion of 
.me of the simplest space-time geometries in w hich he is particularly interested 

2 THE EUCLIDEAN-FOUR SPACE 

Consider a Euclidean four-space geometry [6J expressed by the line element: 

(ds)'- (dt)’• L (dx‘‘)" (1) 

M-1 

The coordinates of a space-time point in this space , (x".x',x".x’). arc defined as cartesian coordinates 
(t, x.y.z) Here, the temporal coordinate x”, is really ct where t is time as measured on a clock by an 
observe' in an inertia! reference frame S, and c (the speed of light) has been set equal to one Wc can ask 
the question Is there a set of coordinate transformations S -* S’ (where S' is moving at a speed v relative 
to S) that leaves (dsj' invariant? The answer is yes. Such a set of transformations is given by 




dt’ = y (dl t V dx ) 

(2) 

dx'= y (dx - V dt) 

O) 

dy'^ dy 

(4) 

dz'= dz 

(5) 

y = ( 1^ v*i ^ 

(6) 


Here V is really the relative speed of S' with respect to S expressed as a fraction of the speed of 
Although the above transfcrmation equations look very similar to the Lx>rentz transformations they are 
not. Equation (2»has a plus sign wh«e the corresponding Ixircntz transformation has a minus sign. The 
factor y has a plus sign . i^hereas Lorentz transformations would have a minus sign. Note that the set of 
transformations (2) through (5) do mot go undefined as v-»c. 

3. ELECTROMAGNETIC HELD THEORY IN EtCLIDEAN FOUR-SPACE 


Now [6] has found that a complete set of co variant eknromagnetic field equations can be formulated for 
this Euclnkan four-space representation of Minkowski space-time. It qipears superficially on the surface 
as though there is a paralle! space with Maxwell-like fields. But we can write the ‘‘new" field etyi^knis in 
Aeir 3-sp3ce phis time represoitation and get the following: 


4xp 

(7) 

0 

(*) 


m 

4xJ * SE’ai 

(10) 


The obvious change is in (9) where there is a sign modification on the differential etpiation that expresses 
“Faradav '$ I^iw" This sign modification is all-impwtant It changes all of electrodynamics as we know it. 
Firstly, there is a reverse of Lenz’s Law The magnetic field prxxhiced by an induced current is m a 
direetkm siKh as to rHHforce the cniginal change in m^netk flux that produces it This would mcrease 
the total magnetic flux through a loop, which, in turn, would increase the emf. This would lead to a “run¬ 
away" magnetic flux and emf Secondly, it is shown in (6] that there will be a self-dampmg of mono¬ 
chromatic electromt^netk waves m die vacuum. Thirdly, the clectromagneiic wave-oquatMxis in the 
presence of sources (charge density or current density vector) have a general stAition rtiat looks like an 
"advanced" and "retM^ded" time solution. However, this is a Euclidean-four ^»ce “analog" of classical 
electrodynamics since it conUins imaginaiy terms Specifically, the two solutions are: 

‘FdD-a fd’x* ftx’.t - i d-x'i 1 (II) 


4'(x.l) -u !d'x* fd ", t - I I x-x' ) (I2> 

J ■ 


where 4'( x.t) is either the scalar potential or a component of the magnetic vector potential. The “ f “ 
function represents the source density. (either charge density or the current density vector respectively) 
The factor a is a constant 

(Juestion 1 : The E and B fields do not appear to be the electric and magnetic fields we know CouM we 
“fix-up" the Maxwell-iike equations ( 7) through (10) so that the difficulties arc surmounted but the 
Fiuclidcan four-space retained'’ What type of electrodynamics would emerge’’ This is a formidable problem 
and is yet to be solved. 


Que.stion 2 What equations of relativistic dynamics would hold for particles moving within Euclidean 
four-space" Some progress can be made on question (2) 



4. EFFECT ON TIME MEASUREMENTS IN EUCLIDEAN FOUR SPACE 


Consider a pair of events such as the emission and <fetcction of an »omic particle Su{^se that an 
<4>server tn a reference frame S' moves along with the particle at the s^e velocity so that the particle is 
observed to be “at rest" with respect to the observer in S'. We can re-introduce “c" in the line-element 
(1), so that dx IS given by cdt For the observer co-moving with the frame S', v' and the observer may 
define a proper time so that c dr ds This leads directly to the result that. 

dt dr ( i • v-/c^) - (I3> 

This result is strange indeed since there is now a lime cotnpression effect from relative p'oiion rather than 
a time dilation effect as in Special Relativity. Equation (i3) means the following: 

The apparent tune interval dt Uhe interval between the two events as measured by an observer in the S 
reference frame) appears to be skartetied with respect to the tune interval (<k I as measured in the S 
frame that is co-mov;nti with the particle Another way to interpret this result is to say that cltxks appear to 
speed up when they are in relative motion within Euc lidean hyperspace 

S. MOMENTUM AND ENERGY 

We can derive the formulas for total Relativistic Momentmn and Energy of a free panicle in “Hyperspace” 
by calculating the components of the covariant four-mtmicntum vectOT. [7] If m is die rest mass, 

P- - m dx^'/di 

mfdx** dtX dtdT) 

mv-^t !+v'/c')(14) 

E - c?'‘ = irK(dx'/dtKdt/dT) 

-mc<l*v‘c)'" (15) 

Resulting in; 

E-^ c-p-- mV (16) 

The speed of light has been explicitly represented as c to show similarity to the formulas of Special 
Relativity Note that the momentum and energy analogs in Euclidean hyperspace do not go 
unbounded at the noint v=c Moreover, E and P remain real and bounded as v-»«, specifically. 

P iriL , and I -+0 No hypothesis of imaginary rest mass (as in tachyon theory (81 ) is required 
for P and E to remain real as v xx. 

At this point the reader may as) what is the graph of equation (i6) ? For the purpose of easy 
comparisons and graphing case, once again,we set c equal to one. Fx]uation (! 6) becomes: 

E- * p- (17) 

which IS (he equation of a circle Where is this circle found? 




llic diagonal asymptotes (dotted lines (9]) are the grs^s of the energy-momentum equatiem for photons, 
since for photons, the “rest mass" is zero, or m=0. leaving us with the equations of lines. 


For photons, 

F-p=-0 (22) 

Which implies, 

E -p (23) 


E = -p (24) 

The graph for E in the two equations intersects the origin at a 4S degree angle There are four 
hyperbolas. The upper hyperbola represents particles of positive rest mass and positive relativistic energy 
moving at subluminal speeds. The hyperbola to the right represents tachyons of either positive or negative 
relativistic energy . whereas the lower hyperbola (on the bottom) represents particles of negative 
relativisticenergy at subluminal speeds. The hyperbola to the left represents tachyons with either positive 
or negative relativistic energy. The tachyons are a class of particles that must always move at a speed 
greater than the speed of light in order to exist and have imaginary rest mass. However, at the center of the 
graph is the circle which is the plot of equation 17. It touches all of the E vs. P hyperbolas at exactly one 
point. Imagine sub-atomic particles moving in Euclidean “hyperspacc”. Such particles will have strictly 
bounded relativistic momentum and energy for each value of proper mass m. (rest mass) However, 
panicle speed is free to assume values anywhere within the mterval [0, ), 



The particle speed can exist anywhere within [0, <» ) without creating infinities in the coordinate 
transformations, relativistic momentum or relativistic energy Moreover, when v > c, momentum 
and energy remain real valued. There is, however, a notable exception to the rule, namely the case 
of photons 

Note the interesting property of Euclidean four space when mH) This leads to the solutions for E given 
by: 

E--ip (17) 

and 

E -=+ip (18) 

Photons (particles with zero rest mass) would have imaginary total relativistic energy in Euclidean four- 
space. 

6. FINAL REMARKS 

More study is needed in “supcrluminal physics” to understand it at a level deeper level. Profound questions 
await an answer. Can we re-formulatc the theories of electromagnetism and gravitation to be consistent 
with the Euclidean representation of spaee-time? Would majcH' paradoxes remain or could they be 
eliminated'’ What phy sical principle would have to be operable in nature so that particles could make 
transitions into and out-of hyperspace? The following hypothesis is put forth by the author: 

// is believed that there exists a “unified theory ” of superluminalphysics in fiat space-time which can 
contain the theory of Tachyons, complex speed flOf and Euclidean four-space. But what is it? 
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